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The Future of the Institute 
An Address by the Retiring President* 
By MORTON O. WITHEY 


Last year at our “token’’ Convention a brief review was made of the 
important policies previously stated as necessary to the proper function- 
ing of the Institute; certain statistics concerning the publications, mem- 
bership, and financial progress of the Institute were enumerated and 
some suggestions made concerning the desirability of more committee 
activity in so far as such activity bore upon the war effort. Now I 
propose to make a short resume of the activities of the Institute during 
the past year and then consider some advances which appear desirable 
if the organization is to function more efficiently. 

During the past year despite the emergency, our membership has 
shown a slight increase from 1883 to 1914. Of this number, note that 
84 per cent hold individual Membership, 9 per cent hold corporation 
Membership, and 4 per cent are Contributing Members. Our member- 
ship is about 800 less than it was at the boom period of 15 years ago 
but since the low of 1154 in 1934, it has shown a healthy growth without 
the use of high pressure sales methods. There seems to be no prospect 
of any large decrease. On the contrary the advent of peace on either war 


front is likely to be accompanied by an increase in membership. ¢ 


Our financial condition today is the best it has been in the history of 
the Institute. The surplus at the end of January was $27,493.96, more 
than half of which is invested in government bonds. There are good 
prospects that this surplus will increase to $30,000 by the end of the 
fiscal year, June 30. Our expenditures for the fiscal year 1943-44 are 
estimated at approximately $33,000. During the year 1943, 27 papers 
were printed in the JouRNAL: 10 on design, 4 on construction, and 13 on 
materials or tests of them. In addition, 3 committee reports and 28 
articles relating to Job Problems and Practice were published. Volume 
14 of the JourNAL for 1942-43 contained 980 pages, or about 85 per cent 


*At the final session, March 2, 1944, of the Institute’s 40th Annual Convention, Chicago. 
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of the average number found in the volumes for years 1938 to 1941. 
At times during the past year, the Secretary’s supply of material suitable 
for publication has been alarmingly low and his temperature has been 
unduly elevated, no doubt. On the other hand although war psychology 
and restrictions have reduced the number of papers offered, committees 
have been more active than usual. Despite the complications the six 
issues of the JouRNAL, the Supplement and the Directory (included in 
the page total) all appeared reasonably close to the scheduled time. 

These accomplishments have been largely due to the diligence of our 
alert secretary and his efficent staff in encouraging (please note I didn’t 
say prodding) potential authors and productive committee chairmen into 
action. 

Before considering future advances, I want to restate the seven rules 
enunciated by our past presidents as essential to successful operation 
in order that, at this juncture, we may clearly appreciate the factors 
involved in the proper functioning of this institute. 

1. The Institute should be a general clearing house for information on 
concrete. 

2. This information should be published in such form that the essential 
facts will be understood by all intelligent, interested persons. 

3. The aim should be more and better papers and more and better 
standards. The presentation of many short papers on diverse subjects 
within the field should be encouraged. 

4. Committee assignments should be based on the interest of the 
assigned members, but a wholesome freedom from a preponderance of 
prejudiced viewpoint should also be maintained. 

5. Committees should show progress on an assignment or resign. 

6. The lives of standards should not exceed three to five years. They 
should then be revised or discarded. 

7. Conventions should be made attractive to all interested in concrete, 
whether that interest be in design, construction, inspection, products 
manufacture, craftsmanship or other field of application, or use of 
concrete. 

Next let us consider how we may best guide the work of the Institute 
in order to accomplish these objectives and make our organization more 
effective. 

In the general distribution of the committee report on postwar plan- 
ing adopted by the Board of Direction, the Institute has proclaimed in 
a foreword that it is a non-profit, non-partisan organization dedicated to 
public service. In the report the Institute has rededicated ‘‘itself to the 
task of increasing, correlating and disseminating the special engineering 
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knowledge of its chosen field, and of making such knowledge available 
in readily usable form for prompt application to the projects of a post- 
war world.” 

Bearing these facts in mind, it behooves the Institute so to conduct its 
affairs that it may have the full confidence of the public that it 7s non- 
partisan and dedicated to public service. It must convince groups of 
technicians, engineers, scientists, craftsmen and builders that it is the 
best technical society from which to obtain up-to-the-minute information 
on subjects within the scope of its activities. The Institute should be 
ready when occasion arises to step out of its routine and announce its 
position with regard to matters of public policy as it has recently done 
in connection with postwar planning, which promoted discussion through 
its objective treatment. It should be ready to express an opinion with 
regard to proposed legislation of vital import to its members or to its 
operation. 

During conventions, more attention can well be given to increasing 
the interest of product manufacturers, construction superintendents, 
inspectors and engineers by arranging for displays of suitable exhibits. 
Whereas the presentation of formal papers is always an essential part 
of a successful convention, due attention should be given also to the use 
“of less formal sessions, such as the session on the effect of air entraining 
agents held yesterday, for discussing up-to-the-minute questions. 

The JouRNAL must maintain its position as the outstanding publica- 
tion in the field of concrete. Our published papers well cover the fields 
of design, construction, materials and production, but more papers 
should be solicited in related fields. Greater incentive to individual 
effort towards the production of more and better papers would be aroused 
by the creation of more prizes to be awarded annually for the best papers 
of certain types. 

The operations of members through our committees provides a valuable 
means for collecting information on experience, on results of research, 
on problems affected by locality, and for determining reactions of groups 
having common interests in proposed specifications or in methods of 
test. Such services often provide the bases for standards. However, 
the assembling of such masses of information requires much time con- 
suming effort on the part of the committee chairmen. The number of 
persons who can be called upon to serve effectively as committee chair- 
men is limited. Furthermore such persons are likely to be the work 
horses of more than one organization. Hence, however willing and 
zealous such individuals may be, there is a definite limit to the amount 
of voluntary service which can be obtained from them. 

The Institute has been dependent upon the voluntary advice and 
counsel of the members of its Publications and Standards committees 
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in reviewing and editing its papers and standards. Here again the effort 
required from a selected group of willing but overworked members is 
too great. Our present standards should be listed and published in a 
separate volume. As long as the number is small, this perhaps could 
be done in connection with the year book, or they might be listed in 
the year book and published separately. Such action requires additional 
technical assistance. Under our present method of operation, such 
improvements have not been feasible. In order that the Institute may 
hold its proper position of leadership, the Board of Direction is care- 
fully considering ways and means of materially expanding the facilities 
of its executive office. By so doing, proper technical assistance may be 
made available for the successful solicitation of papers and for the 
editing of papers, committee reports and standards. Since the published 
records of the Institute’s work are probably considered its most valuable 
contribution by the majority of our members, it would seem that this 
step will insure an increased membership and a more effective future for 
the Institute. 

In closing my term of office I take this opportunity to express my 
appreciation of the effective work done by the Secretary and his staff, 
the cooperative efforts of the Publications Committee, and the Standards 
Committee, the efforts of committee chairmen to finish assigned tasks.” 
Especially do I appreciate the efforts and sacrifices of the overworked 
members of the Postwar Planning Committee in producing a satisfactory 
report on a subject involving many controversial details. For my 
successor, I bespeak the continued cooperation of the entire member- 
ship. By united effort let us move forward through the trying years 
just ahead. 
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A Device for Determining the Depth of Surface Cracks 
in Concrete* 


By R. B. YOUNG? 


SYNOPSIS 


A device is described consisting essentially of a pressure tank, an air 
pump and a pressure gauge, together with pipes, valves and fittings by 
which a dye solution is forced into the crack to be explored. Then by 
drilling, the crack is followed inward until it is bottomed. The depth of 
the crack is established by a pressure test. Some results obtained using 
the device are reported. 


In the last few years, engineers have become increasingly critical of 
cracks in concrete structures. There is less tendency to view them as 
inevitable and more effort to apply techniques of construction which, 
if they do not eliminate cracking, reduce it greatly. 


The prevailing view has been that, in the more massive structures 
such as dams, all cracks are dangerous either actually or potentially, 
actually if they tend to break the structure into segments or reduce its 
ability to withstand the loads for which it was designed, potentially 
on the theory that any crack in time may become dangerous by propaga- 
tion. No one will question that cracks of the first type are dangerous, 
but it is not so easy to accept the view that the common crack to be 
found on the surface of structures, is the hazard claimed. 


The author has had occasion to make repeated inspections of a large 
number of hydraulic structures, over a period of years. In so far as 
can be determined from visual examination, there is little evidence in 
support of the view that cracks appearing on the surface, are of any great 
depth or grow in magnitude with time. There is little evidence even, 
that such cracks, in well-made concrete, are the source of any important 
amount of deterioration, although admittedly they might become so, 
especially in inferior concrete. 

*Received by the Institute, Feb. 28, 1944. Presented at Annual Research Seasion, 1044 ACT Convention, 


Chicago 
tAssistant Chief Testing Engineer Hydro Electric Power Commission of Ontario 
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However, such evidence cannot be accepted as conclusive proof that 
at least some of these visible cracks are not sufficiently deep as to be 
dangerous. Therefore, it is important to know more regarding them in 
order to determine the extent to which one would be justified in trying 
to prevent their occurrence in new construction. To obtain such infor- 
mation a device was developed by the writer and his associates by which 
could be determined whether or not these cracks were shallow or deep 
and, if shallow, their penetration. 

The equipment developed is simple in principle (Vig. 1). It consist 
essentially of a pressure tank, “‘A,” a priming cock, “B,”’ an air pump, 
“C,” and a pressure gauge, “D,” together with pipes, valves and fittings. 
Its operation is simple also. Briefly a solution of dye (disulphine blue) 
is forced into the crack to be explored; then by drilling, the crack i 
followed inward until the dye disappears. Then the hole is sealed off 
close to the bottom, dye admitted and pressure applied. If the pressure 
is maintained, the bottom of hole must be below the bottom of the 
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Fig. 2—Crack detector setup to mark a crack 
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crack and the depth of the crack will be very closely the depth of the 
hole. If the pressure drops, the crack still intersects the bottom of the 
hole, which is then drilled deeper and the test repeated until a point is 
reached where the pressure holds. 

Of course, the actual operation of the device involves something more 
than the essentials just outlined. For instance, the crack has first to 
be sealed at its surface to prevent leakage of the dye solution. Plaster 
of Paris has been found excellent for this purpose because it sets quickly 
and is easily removed after use. The length of the crack to be sealed 
depends on its width, the more open the crack, the greater the length 
that must be pointed up, which in some cases may be as much as eight 
feet on either side of the point that is left open for injection of the dye. 
When applying Plaster of Paris to the crack, it and the adjacent con- 
crete should be well wetted and the plaster forced into the crack as 
much as possible, 

The next step is marking the crack. This is done with an attachment 
ending in a pressure-cup, “Ie,”’ which has a rubber gasket fitted into an 
annular groove cut in its face. When used, the device is pressed tightly 
against the wall with the cup straddling the crack, as in Fig. 2. It is 
held in plac: by a yoke fastened to the concrete by means of two bolts 
anchored by expanded washers into holes drilled on either side of the 
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crack. Pressure sufficient to seal the cup against the concrete is supplied 
by means of a small bolt, which can be seen in Fig. 2 at the end of the 
yoke above the horizontal valve. When assembled the valve is opened 
and with pump, ‘“B,”’ sufficient pressure is developed in the tank, ‘‘A,”’ 
to force the dye into and along the crack. This completes the second 
step in the operation. 


The device is then removed and a hole drilled at the point where the 
pressure cup was applied. After each increment of hole is drilled, it is 
thoroughly cleaned out and examined. At the start, one-half inch 
increments are used, but after 2 inches, smaller increments are drilled 
averaging about one-quarter inch. Drilling is continued until the crack 
disappears, then the device is fitted with the nozzle, ‘“F,’”’ which consists 
of a threaded pipe having a washer welded to the end that is inserted 
in the concrete. Slipped over the pipe and seated on the washer are 
two rubber rings, followed by a second metal washer, a pipe sleeve and 
a nut. The nozzle is inserted with the face of the welded washer about 
one-quarter inch from the bottom of the hole, and the rubber rings 
expanded by tightening the nut and squeezing the rings against the 
sides of the hole. This seals the nozzle tightly into the hole, after which 
dye is let into the cavity thus formed. Next, pressure is applied by 
means of the hand pump; if the pressure drops, then it is evident that 
the dye solution is being forced out and provided the gaskets are tight, 
which must always be checked, the loss in pressure can only be due to 
escape of the liquid through the crack, in which case the hole is drilled 
deeper and the test repeated. If on the other hand, the pressure is 
maintained, it is evident that the crack no longer intersects the chamber 
at the end of the nozzle and the bottom has been passed. 

The depth of the crack obviously is greater than the last depth at 
which there was a loss in pressure and less than that at which there was 
none. Practically, it can be determined as exactly as desired by moving 
the device only small distances between tests; but in determining the 
depth of cracks, measurements of less than one-quarter inch are of little 
significance. It is advisable to drill a crack at several points as it will 
vary in depth from place to place and several measurements are necessary 
to determine its average penetration. 

Most cracks occur perpendicular to the surface they intersect but 
occasionally one is found that runs out the side of the drill hole. The 
procedure then is to abandon the first hole and test another drilled a 
few inches away along the crack and slightly to one side, repeating this 
several times if the crack wanders sideways for any distance. 

For shallow cracks, a %-in. hole is drilled; for those deeper than about 
8 inches, a 2-in. hole is used. With the larger hole it is practicable to 
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explore to depths of about 24 inches, although in one case, a fill plane 
was traced inward for 30 in. For the deeper holes, extension tubes 
and sleeves are added to the nozzle section. 

The dye used in the author’s experiments is disulphine blue which 
comes as a powder and is dissolved in sufficient water to give the desired 
concentration; about 2 ounces per gallon, gives good results. It may be 
added to the tank either through the priming cock or through one of the 
discharge pipes. For best results, the tank should be from one-half to 
three-quarters full. The amount of liquid in the tank may be determined 
by placing it horizontally with the priming cock in its highest position; 
the cock is then opened and the tank rotated about its axis until the 
dye starts to run out. In wet cracks, there may be some dilution of the 
dye since it is a water solution; this has to be taken into account where 
seepage occurs. Also, there is a possibility that seepage may be under 
sufficient pressure to balance the applied pressure but in this case the 
hole, on inspection, will show active seepage. 

It is obvious from a study of the principles underlying the equipment 
that the device could be built in different ways and still function satis- 
factorily. The one described was made from odds and ends on hand. 
It is limited to a pressure of 30 psi but experience indicates that 50 psi 
would be a better working pressure. Also, the exact nature of the dye 
is not important as long as it does not bleach within the time required 
to conduct the tests. Disulphine blue in contact with concrete will 
maintain its color for several days but ultimately becomes almost color- 
less, which is an advantage as it is practically impossible to operate 
the equipment without spilling solution around the holes. 

The device has been used in a number of cases to determine the depth 
of visible cracks in heavy structures. While there has been no attempt 
to make an extensive survey of such cracking, several gravity dams 
of moderate size (60 to 140 feet high) have been examined. Results 
were, briefly, as follows: 

(a) Ina dam built in 1930, typical surface cracks were found to have 
an average depth of less than 3 in. and a maximum depth of 4% in. 

(b) In a dam under construction, cracks which occurred in the sides 
and face of one of the sections shortly after forms were removed, varied 
from 4 to 6 in. in depth. 

(c) A very conspicuous crack in the downstream face of a dam: 
about 3% in. in width at the surface—had an average depth of 12 in. 
and a maximum depth of 18 in. It was grouted and on last examination 
had not shown any indication of reopening. 

(d) Several cracks in a headblock built in 1920 were found to average 
about 4 in. deep with a maximum depth of 12 in. 
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All of these structures are in the Province of Ontario where the rainfall 
is sufficient to prevent the concrete from drying to any considerable 
depth. 

One of the interesting points in connection with these dams is that, 
with one exception, they were built by concreting continuously from 
bottom to top in one lift, frequently to heights of 60 to 80 ft.; the excep- 
tion, built in 1920, was concreted in many lifts, which by chance, averaged 
in thickness around the five feet now so frequently used in heavy con- 
struction. In case (b), Carlson crack meters were installed in one of its 
deeper sections. There is no evidence of internal cracking in any of 
these dams or are the surface cracks any deeper in the older structures 
than in those more recently built. 

While the data obtained to date have been limited, it is interesting 
as Offering no evidence that ordinary surface cracking extends to any 
depth or that the depth increases with time. It is probably a coincidence 
that the deepest cracks found to date have occurred in the most recently 
built structure and there is some evidence that suggests that some cracks 
at least, close partly with time and are sealed by autogenous healing. 

In conclusion, it might be well to point out that the purpose of this 
paper is to describe a simple method for exploring cracks less than 24 in. 
deep. The results reported are not offered as a basis for any conclusions; 
they are far too meagre for that, but they are typical of data so far 
obtained. They do suggest the desirability of more information before 
large sums are spent in attempts to eliminate all surface cracking, 
especially in view of the fact that such cracking in modern structures is 
not likely to occasion costly maintenance during their life. 

The author wishes to acknowledge his great indebtedness to his 
associates of the Hydro Electric Power Commission of Ontario and 
especially to Mr. Walter E. Scott, of its laboratory staff, who, when the 
principle of the apparatus was outlined to him, built the equipment as 
shown, worked out the operating technique and has conducted many 
of the field investigations made therewith. 


Discussion of this paper should reach the ACI Secretary, in triplicate 
by july 1, for publication in the November 1944 Supplement, con- 


cluding Proceedings Volume 40. 
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SYNOPSIS 


The committee defines high pressure steam curing in terms of per- 
formance in reduced shrinkage of concrete products; arrives at eleven 
conclusions as to the characteristics of concrete products cured by 
high pressure steam and appends a considerable list of references as 
background for the report. 


What is meant by high pressure steam curing? The Committee has 
given considerable thought to its definition and feels justified, for practical 
reasons, in limiting the scope of the process to curing of a degree adequate 
to produce certain desired results. 

It is the consensus of the Committee that in the manufacture of concrete 
masonry units satisfactory curing can be secured at steam pressures 
between 100 and 150 psi (corresponding to temperatures of 338 and 366 
IF.) and for periods of steaming at maximum pressure between 6 and 12 
hours. Data are not now at hand to indicate that steaming at 100 psi 
for 12 hours gives the same curing as steaming at 150 psi for 6 hours, 
but it is well established that satisfactory results require longer steam- 
ing periods at the lower range of pressures than at the higher. However, 
in the lack of definite quantitative relations between the effects of time 
and pressure, the Committee does not feel warranted in defining an 
adequate degree of high pressure steam curing in these terms but prefers 
to define it in terms of results. 

Before reaching a decision in the matter, the Committee considered 
another question: What is the purpose of high pressure steam curing 
does it impart any desirable property that is not obtained by other 

*Received by the Institute Feb. 23, 1944, 
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methods of curing? The answer to the latter part of the question is 
that high pressure steam curing has a unique stabilizing action in re- 
duction of volume changes caused by varying moisture conditions, and 
this, particularly in relation to masonry units, is of great importance 
to the user. The first part of the question has other answers, also, of 
importance to the manufacturer as well as to the user, such, for example, 
as higher early strength, lighter color, etc., but these facts are less signifi- 
cant in relation to a definition. 

The reason for the existence of these desirable properties in high 
pressure steam cured products is that the curing of concfete in hot 
steam produces different reaction products from those occurring in 
concrete subjected to normal temperature curing. While the Committee 
is not able to enumerate all the chemical changes that take place, there 
are two that are believed to be mainly responsible for the improved 
physical properties. The high strength developed in a few hours of 
steaming is due in part to the acceleration of the normal process of 
hardening, but a material contribution to strength comes from the 
“sand-lime brick’”’ reaction that is, from a combination of lime and silica 
to form a hydrated calcium silicate. In the case of portland cement 
products the lime is not added but is hydrolyzed from the cement. 
Silica is present in the cement and additional amounts may occur in the 
aggregate or may be added. The stabilization probably results, in part, 
from the conversion (or partial conversion) of the amorphous calcium 
silicates to crystalline forms which do not swell and shrink as much as 
the amorphous forms with increases and decreases in moisture content. 
Consequently, shrinkage from drying and expansion from wetting are of 
a lower order than those exhibited by concrete curing at normal tempera- 
ture. Moreover, at elevated temperatures and pressures, a larger pro- 
portion of the dicalcium silicate hydrates are apt to be formed than in 
products cured at normal temperatures, and at the elevated temperatures 
the silicates in the presence of the aluminates form a series of compounds 
called hydrogarnets. These compounds, which contain lime, alumina, 
silica, and water of crystallization, are very stable and are highly resistant 
to the action of sulfate solutions. The actual effects of high pressure 
steam curing are undoubtedly more complex than has been indicated, 
but it is believed that the chief reactions are substantially as described. 

If the foregoing statements may be accepted as giving a reasonably 
true picture of what high pressure steam curing accomplishes, the Com- 
mittee believes that a suitable definition for the process can be drawn 
without reference to specific limits of time, temperature or pressure, but 
can be covered by reference to a maximum drying shrinkage under 
specified conditions. The following tentative definition is therefore 
proposed: 
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High pressure steam curing as applied to concrete products 
shall be understood to mean any process of curing in saturated 
steam under a pressure and for a period sufficient to produce a 
stabilized finished product, such that a linear shrinkage thereof 
from a saturated condition to that after drying to constant weight 
at 212 F. shall not exceed 0.03 per cent. 

The suggested values for shrinkage and drying temperature are ten- 
tative, and may be subject to change after further study of existing data. 
The Committee would prefer to specify some means of drying that 
would be more nearly representative of air-drying conditions encountered 
in service, but it does not seem feasible to set up such conditions for an 
acceptance test. The suggested value for shrinkage is therefore appreci- 
ably higher than high pressure steam cured masonry units would be 
expected to show in any ordinary type of building wall or partition. 
It is, of course, conceivable that a product might be made of selected 
aggregate and of sufficiently low cement content to meet the suggested 
shrinkage limitation, even though the degree of steam curing were not 
in accord with the intent of the definition, but it is believed that in that 
event such a product would generally fail to meet the normal require- 
ments for compressive strength. On the other hand, if it did meet these 
requirements, it should be considered an acceptable product under the 
definition regardless of the degree of curing. 

The Committee has compiled a list of published articles, discussions, 
test data, etc. pertaining to high pressure steam curing,* together with 
supporting data furnished by manufacturers using this method of curing. 

The Committee has made a thorough study of the available informa- 
tion and of the practical results and experiences of manufacturers employ- 
ing the high pressure steam curing process. From these studies and 
with specific reference to high pressure steam curing of concrete masonry 
products, the Committee arrived at the following general conclusions: 

1. Concrete masonry products can be produced by high pressure 
steam curing methods ready for use within 24 hours after molding. 

2. High pressure steam curing is completed without substantial change 
in shape or size or cracks. 

3. High pressure steam cured units are substantially in a drier condi- 
tion and lighter in color than moist cured units, and give a clear ring 
when tested with a hammer. 

4. Compressive strength of high pressure steam cured units at one 
day is at least equal to that of moist cured units at 28 days. 

5. High early strength of high pressure steam cured units is perma- 
nent. 


*See references at end of report. 
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6. High pressure steam curing treatment tends to stabilize unsound 
materials that might otherwise result in popping or spalling in service. 

7. High pressure steam curing develops increased resistance to sulphate 
action. 

8. High pressure steam curing (especially in the presence of silica) 
practically eliminates leaching and efflorescence. 

9. The shrinkage of high-pressure steam cured units, in drying from a 
saturated condition to equilibrium with air in a heated building, is about 
50 per cent less than in moist cured units. 

10. The strength of high pressure steam cured units is influenced by 
the amount and character of siliceous material in the mix but in much 
less degree in lean and dry mixes than in rich and wet mixes. 

11. High pressure steam curing results in lower bond stress between 
steel and concrete. 

No attempt has been made in this report to specify or recommend 
any particular steam pressure and steaming period, as many combina- 
tions of steam pressure and steaming periods may produce equivalent 
results. Other factors, such as size and shapes of units, aggregates 
used, methods of racking units, consistency of mix, etc. may have con- 
siderable influence in determining the proper economic steam pressure 
and time of steaming. The age of the molded units before being exposed 
to the steam pressure, the time required to raise the steam pressure from 
atmospheric to maximum pressure, and time required to release the 
pressure from maximum to atmospheric, also have not been specified 
for similar reasons. It is believed that all these factors can best be 
determined by practical experience and in the light of particular economic 
conditions involved. 

Comparison of the cost of high pressure steam curing of concrete 
masonry products as against the conventional method of curing cannot 
be reported at this time. Varying conditions, such as local ordinances 
relating to pressure boilers, union restrictions, market for few or many 
different sizes and shapes (effecting the percentage of units which must 
be stocked), fuel costs, and many other factors, make no general estimate 
possible. 
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Discussion of a report by ACI Committee 716: 
High Pressure Steam Curing* 
By BENJAMIN WILK and HAROLD J. LEVINE 

By BENJAMIN WILKt 


The report gives the impression that without high pressure steam 
curing concrete products cannot be produced that will be satisfactory 
from a shrinkage standpoint in wall construction. It may not have been 
the intent of the committee to produce that effect but certain vital 
phrases that are not sufficiently clear tend to give that impression. 

If this report were to be read only by conerete technicians and engin- 
eers the objections raised might not be so important because these men 
are familiar with the language used and know how to interpret it but the 
report will probably be read by a large number of concrete products 
manufacturers and others to whom the meanings may not be clear and 
for this reason the objections are being made. 

The first question that arises is how does the committee square the 
definition with the paragraph that follows the definition, which reads: 
“It is conceivable that a product might be made . . . to meet the sug- 
gested shrinkage limitation, even though the degree of steam curing 
were not in accord with the intent of the definition’. I take that to 
mean that high pressure steam curing would not be absolutely essential 
to get the desired results. If that is true, why should high pressure 
steam curing be defined by a shrinkage limitation that might be met 
by some other form of curing? The argument that “it is believed that 
in that event such a product would generally fail to meet the normal 
requirements for compressive strength’ apparently does not take into 
account modern cements and improved methods of curing. 

From the standpoint of the average user of concrete block, the defini- 
tion of the committee seems very much involved. Does the committee 
believe that the average user is going to have a testing laboratory deter- 
mine the “linear shrinkage thereof from a saturated condition to that 


*ACI Journan, Apr. 1944; Proceedings V. 40, p. 409. 
tManager Standard Building Products Co., Detroit. 
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after drying to constant weight at 212 F’’? How many laboratories are 
equipped to determine linear shrinkage on block? The result is that any 
block that is cured under high pressure is supposed to be able to meet 
the definition of the committee and yet it is quite possible to perceive 
that block may be made under supposedly high pressure conditions 
which do not meet the definition, either because the right proportion 
of silica is not used or because the curing cycle is not in accord with the 
very best practice. 

After all, shrinkage in a single unit is only one phase of what is taking 
place in a concrete block wall. Kind of mortar, amount of water in 
mortar, condition during laying, relative humidity, and temperature 
changes may be even more important phases in total wall movement 
than shrinkage. 

The second question is, why is there so much emphasis on the word 
‘pressure’? Is there such a thing as an actual pressure on or in the block 
that is being cured in the high pressure steam kiln? Is it not rather the 
fact that a certain temperature is reached at a certain pressure? It is 
the high temperature that apparently cures the block and not the exist- 
ing pressure. ; 

The third question is, what is meant by “normal temperature curing’’? 
Apparently the committee report is based upon tests that were made by 
Menzel, “Studies of High Pressure Steam Curing of Tamped Hollow 
Concrete Block”’’, “Strength and Volume Change of Steam Cured 
Portland Cement, Mortar, and Concrete’’,t Normal temperature curing 
in these reports is curing for 28 days at 70 F. It is a curing condition 
used in laboratory tests but it is not normal temperature curing as used 
by the present day concrete products manufacturer who uses high-early 
strength cement and temperatures up to 200 F. Conclusions 3, 4, and 
9 of the report of Committee 716 use the words “moist cured units”’, 
but nothing is said as to the curing temperature. In the last paragraph 
of the report the words “conventional method of curing’ are used. It 
seems to me that there is no conventional method of curing and yet the 
report would seem to indicate that the conventional method of curing 
is moist curing for 28 days. This certainly gives the wrong impression 
to anyone who is not familiar with the basic comparisons on high pressure 
steam curing. Progressive products manufacturers who do not use high 
pressure steam curing have produced units that have reached high 
strengths within a few days and with very low moisture contents and 
correspondingly low shrinkage. 

W. D. M. Allant emphasized the fact that it was the air dried condition 
of the unit when Jaid in the wall that tended to decrease excessive wall 


*ACI Jouunan, Sept.-Oct. 1945; Proceedings V. 42, p. 51. 

TACI Jouunat, Nov.-Dec. 1944; Proceedings V. 31, p. 125 

tT’ Shrinkage Measurements of Concrete Block Masonry,"’ ACI Jounnau, Nov. 1931; Proceedings V. 
28, p. 177 (wee p. 192) 
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shrinkage. Besides that, he concluded: ‘‘The total shrinkage of panels 
laid up with air dry block was less than the volume change, which would 
normally occur in the masonry wall due to a seasonal temperature 
change of 70 F.” 


When we take into account the various elements that affect wall 
performance and we realize that the volume change due to temperature 
changes after the block are in the wall may exceed the volume change 
due to shrinkage, the comparison between high pressure steam cured 
block and block cured at atmospheric pressures loses a great deal of its 
significance. 


Closure by HAROLD J. LEVINE, Chairman, for the Committee 


In drafting its introductory report, Committee 716 decided to avoid, 
insofar as possible, any positive statements or claims for the effects of 
high pressure steam curing that might be regarded as controversial. 
Thus, when the Committee stated that this type of curing has a unique 
stabilizing action in reduction of volume changes caused by varying 
moisture conditions, it was merely reporting a well established fact. 
Mr. Wilk’s interpretation that “without high pressure steam curing, 
concrete products cannot be produced that will be satisfactory from a 
shrinkage standpoint in wall construction’ 


’ 


was not intended. 


Mr. Wilk quotes from the report: “It is conceivable that a product 
might be made to meet the suggested shrinkage limitation, even 
though the degree of steam curing were not in accord with the intent 
of the definition,” and takes that to mean that high pressure steam curing 
would not be essential to get the desired results. The Committee does 
not know of any treatment other than high pressure steam curing that 
will reduce drying shrinkage to the extent indicated; nevertheless it is 
quite possible that someone may some day discover a type of mixture, 
cured to a degree of high pressure steaming not now recognized as ade- 
quate, that will comply with the Committee’s definition. The Com- 
mittee would weleome the opportunity to review data showing that 
other methods are equally effective. 


It is quite true that the “average user’’ will not have the equipment 
to test his blocks for shrinkage in the prescribed manner, but neither 
will he have equipment for compression and other types of tests required 
by the specifications. ° The average user should not be expected to 
maintain a testing laboratory, but he can at any time obtain the services 
of a commercial laboratory. In this connection, it may be interesting 
to point out that the British Standard Specification for concrete wall 
blocks, adopted March 1939, includes a requirement for shrinkage 
similar in principle to that suggested by Committee 716. 








416-4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. Nov. 1944 


Mr. Wilk’s question regarding emphasis on the word ‘‘pressure’’ in 
the Committee’s title may be answered simply by the statement that 
the term has been established by long use. While it is probably true 
that the temperature of the steam is largely responsible for the effective 
curing, it is understood that the steam must be saturated and not merely 
superheated, in which case the pressure completely defines the conditions. 
The use of the word “‘pressure’’ therefore seems logical. 

Mr. Wilk is correct in his contention that such expressions as “normal 
curing” and “conventional methods of curing”’ are ill-defined, but there 
should be little or no confusion on the part of readers who are familiar 
with these terms as commonly used. It is again to be emphasized that 
none of the methods of curing in common practice are, so far as known, 
as effective as high pressure steam curing in reducing drying shrinkage, 
and in other respects, as enumerated in the report. 

In conclusion, the Committee did not refer in its report to the shrink- 
age and cracking of concrete block walls. It is a fact, however, that in 
a wall built of concrete blocks, more than 95 per cent of the total wall 
length is composed of blocks themselves. Therefore, regardless of mortar, 
weather, moisture conditions of the blocks and other factors, it is obvious 
that units of low shrinkage give more assurance of uncracked walls. 
This is one of the important advantages of curing masonry units in high 
pressure steam, and it will have this advantage over other methods of 
curing until someone can demonstrate that new methods will accomplish 
the same result without sacrifice of other essential properties. 
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Navy Installations of Protective Linings for Prestressed 
Concrete Tanks Containing Liquid Fuels* 


By MORRIS A. SPAMER+ 


SYNOPSIS 


This paper reviews the experiences of the Bureau of Yards and Docks 
in the application of about two and one half million square feet of 
protective linings for concrete tanks to contain diesel oil and aviation 
gasoline. As other literature on this subject deals almost entirely 
with research work, this paper reports field experience with a summary 
of results to date in this comparatively new field particularly as the 
lining program by the Navy is the only one of considerable magnitude 
that has presently been completed. 


The main purpose of this paper is to discuss various linings approved 
by the Bureau of Yards and Docks for concrete tanks, the installation of 
these linings; field experiences, and the relation of the construction of 
prestressed concrete tanks to the successful application of the linings. 
Technical data from the Naval Research Laboratory, providing the basis 
for the selection of lining materials, will be discussed only in a general way. 

For a proper background for this part of the lining program, the history 
of its development is briefly outlined. In June 1941 the Bureau received 
a directive to increase the existing fuel storages of the Navy and to place 
all fuel storage tanks underground where economically feasible. This 
program was immediately put under way using standard Bureau plans 
for steel underground tanks. Shortly thereafter, due to the fact that 
steel, especially steel plates and structural shapes used in steel tanks, 
became a very critical material, a directive was issued to conserve steel 
in all Navy construction work. The Bureau had already authorized the 
construction of some prestressed reinforced concrete tanks on the West 
Coast and plans based on the design of these tanks were revised and 
Bureau standard plans of prestressed reinforced concrete tanks for the 
storage of liquid fuels were made. These plans were tanks for fuel oil, 
diesel oil, and aviation gasoline, in various sizes from 5,000 gal. to 50,000 


*Presented by the Author at the Institute’s 40th Annual Convention, Chicago, March 1, 1944. 
tBureau of Yards and Docks, U. 8. Navy, Washington, D. C. 
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bbl. capacity. Simultaneously the need for a lining for concrete tanks 
was made essential, based on past experience by the Navy with the use of 
reinforced concrete tanks and reservoirs of conventional design and tests 
indicating the contamination of aviation gasoline stored in concrete 
tanks. 

The basic problems that particularly concerned the Bureau were 
prevention of leakage, prevention of contamination of the stored fuels, 
and security. These problems were divided into three classes according 
to the type of fuel to be stored. 

The problem of lining tanks for the relatively heavy fuel oil represented 
very little difficulty as an application of silicate of soda to the interior 
surfaces was found to seal the pores of the concrete effectively and to 
eliminate any possibility of leakage from that source. There is no con- 
tamination of fuel oil in contact with concrete surfaces. It was also 
considered that only as a very remote possibility would cracks develop 
of sufficient size to allow an appreciable leakage of this type of fuel in 
properly constructed prestressed tanks. 

In diesel oil storage the leakage problem was more serious and though 
there was no danger of contamination of the diesel oil, it was believed 
that a lining approved for aviation gasoline tanks should be used for 
diesel oil tanks as the necessary protection against diesel oil leakage. 

In considering linings for aviation gasoline, all three problems had to 
be considered. Manufacturers of materials that could possibly be used 
as protective linings were contacted and samples submitted to the Naval 
Research Laboratory for tests. The cooperation of this industry was 
whole hearted and great credit is due to the research and development of 
suitable materials independently conducted by them. 

Time was a vital element in this lining program; the Navy had begun 
construction of concrete tanks for the storage of millions of barrels of 
liquid fuels, and the lining problem had to be solved by the time the first 
tanks were completed. There were no existing installations of this 
character as a guide, everything started from scratch. Based on Naval 
Research Laboratory reports three materials were approved by the 
Bureau, specifications for their installation prepared and contracts 
drawn. The materials selected for lining the various classes of liquid 
fuel tanks were as follows: 

(a) Fuel oil tanks—silicate of soda treatment only. 

(b) Diesel oil tanks—1. Thiokol latex compound; 2. Amercoat. 

(ec) Aviation gasoline tanks—1l. Thiokol F-A sheets; 2. Thiokol 
latex compound; 3. Amercoat (a synthetic resin lining). 

Representatives of the manufacturers of these products were called 
in and after discussions as to quality, methods of installation, equipment 
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required, manpower, critical materials involved, plant capacities and 
magnitude of the program, it was decided by the Bureau to allocate this 
work by dividing the square footage of concrete tanks to be lined between 
the three companies, according to the applicability of the lining to the 
class of storage, the geographical location and accessibility of the work. 
These three companies were: The American Pipe and Construction Co., 
Los Angeles, Calif., Stoner Mudge Inc., Pittsburgh, Pa., Boston Woven 
Hose & Rubber Co., Cambridge, Mass. 

The best means of discussing the experiences in application is to take 
each material separately. 


THIOKOL SHEETS 


Thiokol F-A sheets were developed and manufactured by the Boston 
Woven Hose & Rubber Co., Cambridge, Mass., and were applied by 
them under one Navy contract for various locations. This material is a 
synthetic rubber sheet the manufacture of which is a very interesting 
process that has been described in other literature. The finished sheet 
is characteristically tough, having a tensile strength of 800 to 900 psi, 
practically impervious to gasoline leakage and has practically no con- 
taminating effect in contact with any type of gasoline used by the Navy. 
These sheets are 0.025 in. thick for the walls and columns and 0.030 in. 
for the floors and sumps. The first tests indicated that this material met 
all of the requirements as a protective lining for aviation gasoline and 
the main problem was obtaining an adhesive that would cement the 
sheet to the concrete surfaces of the tank. This adhesive being exposed 
to gasoline at the seams and laps could not be solvent in aromatic gaso- 
lines and had to possess the non-contaminating qualities of the sheet 
itself and at the same time create a bond of sufficient strength to assure 
a lasting job. As ground water was present outside of the majority of 
tanks being lined, the adhesive must also be able to withstand the action 
of water or moisture. After many tests only one adhesive has been 
developed that meets all of the requirements. A highly critical material 
is an essential element of this adhesive but fortunately only small quan- 
tities were required on which priorities and allocations were obtained 
for the release of sufficient quantities for use by the Navy in this program. 
While no ill effects due to moisture are experienced after the adhesive 
has thoroughly cured the presence of small amounts of moisture during 
application and until the adhesive has thoroughly cured are disastrous. 
This characteristic of the adhesive for this type of lining stresses the 
necessity of careful construction of the tanks to be lined and provision 
for keeping the ground water pumped below the bottom of the tanks 
during the lining operation and until the adhesive has obtained its final 
cure. Another characteristic of the adhesive is the creation of inflam- 
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mable, explosive and toxic fumes during the application of the lining 
while the volatile solvents are being evaporated. These characteristics 
required the development of an elaborate heating and ventilating system 
to insure absolutely dry walls and to carry off the fumes while spreading 
the adhesive. The ventilating system extended to the work tables where 
the adhesive was applied to the sheets and to required points in the tank 
to carry off the fumes while the adhesive was being applied to the walls 
and to prevent concentration of fumes in dead air spots in the tank. 
Condensation was a factor in the application of the sheets as the forma- 
tion of moisture due to condensation in the underground tanks occurred 
in most, and particularly in tropic or semi-tropic locations. Heating 
inside of the tanks provided a remedy in most instances and the use of a 
wet and dry bulb thermometer was generally of great help. In some 
locations work had to be interrupted due to excessive condensation. 

It was the duty of the manufacturer to make sure the tank was in 
the proper condition in accordance with the specifications to receive 
the lining and this added inspection was considered necessary due to 
the unfamiliarity of most construction men, contractors and engineers 
as well, with the lining phase of the work. Also, the pressure for speed 
in this emergency construction was always stressed and in the beginning 
the concrete construction and the lining were looked upon as independent 
jobs rather than one job of the successful storage of liquid fuels. Con- 
sequently the refinements essential for a successful lining job were often 
slighted in the demand for speed, and defects not ordinarily serious in 
this type of concrete work were found and had to be repaired before the 
lining could be applied. 

To insure a dense smooth inner surface on which to apply the protective 
lining an absorptive lining was specified for the inner surfaces of the 
tank form work, and where used the proper finish of the concrete surfaces 
was generally accomplished. In many instances this type of form lining 
was not obtainable without undue delay or omitted for other reasons 
and almost invariably the surfaces had to be smoothed and voids filled. 
A dust-free surface is essential for adhesion of any of the linings and 
considerable persuasion had to be brought to bear in obtaining a clean, 
dust-free surface and prevent zealous workmen from bagging or finishing 
with a cement wash to prevent a “‘pretty” finished wall. Many instances 
of over vibration, causing the well known resultant air pockets, were 
found but voids or honeycomb due to improper concrete placement were 
remarkably few. This is illustrated further by the watertightness tests 
on completion of the concrete tanks. 

The tanks were filled with water and leakages discovered repaired on 
emptying the tanks. Im relatively few instances were leaks discovered 
in the walls or vertical joints; most leakages disclosed were in the ring 
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Fig. 1—Joint (see Fig. 2) 
cleaned, iron dust - cement 
mortar is packed in place. 
For gasoline tanks the top 
1-in. of mortar is replaced 
with a plastic seal. 
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or bottom seal joint. The lining contractor generally made an inde- 
pendent test by allowing the ground water to rise outside the tank. In 
this way the leaks so discovered were marked on the inside and repaired. 
As it was the experience of the lining contractors that leakage occurred 
in approximately 50 per cent of the tanks at the ring joints a discussion 
of the causes of the leakage and the remedies seems in order at this point. 

Leakage is attributed to two causes, improper sequence of operation 
in constructing the ring joint and poor workmanship. Where the speci- 
fications were rigidly followed under proper workmanship and super- 
vision, leakage rarely occurred in this ring joint. (Fig. land 2). This 
joint should not be filled with the specified mix of iron dust and cement 
until after the lower band rods are prestressed. The ring joint should be 
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Fig. 3—Floor lined 
with Thiokol sheets, 
walls and columns 
partly lined. 





absolutely clean and free from foreign matter to obtain a perfect bond. 
The usual procedure of slushing out with water leaves fine particles in the 
bottom and the sides of the joint. The most careful inspection of this 
joint before filling cannot be too strongly stressed as the repairing of leaks 
in the ring joint is costly and time consuming. The representatives 
of the manufacturers used to laboratory and precision work in a manu- 
facturing plant were astounded at the familiar troubles and compara- 
tively rough field work and construction difficulties but soon adopted 
compromises that got the desired results and the slogan, “can do, will 
do.”” The method of application of the sheets is described in the Bureau 
of Yards and Docks Specification L-4 and when done by workmen 
specially trained for this class of work and under competent supervision 
no unusual difficulties are experienced. More than three-quarters of a 
million square feet of concrete surfaces in prestressed concrete tanks 
for the storage of aviation gasoline have been lined with Thiokol F-A 
Sheets for the Navy. 

At the beginning of the field work an attempt was made, in the desire 
for speed, to line some badly constructed and leaky tanks without 
thorough repairs. This attempt resulted in failures in the lining due to 
lack of adhesion and resulted in costly repairs and much greater loss 
of time in placing the tanks out of service than would have been occas- 
ioned by delay in properly repairing the tanks before lining. The lesson 
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of this experience was well learned and undoubtedly reflected in the 
subsequent work. 

In two other locations an unusual phenomenon occurred. Tanks were 
lined and unusually good workmanship was apparent. These tanks 
were not filled immediately and in a routine inspection several weeks 
later numerous blisters from an inch in diameter to several feet in area 
were observed on the floor of the tank. Upon investigation these blisters 
were found to be filled with air under pressure. Analysis revealed no 
gas of any kind present and no water was present in the blisters although 
the ground water around the tanks was from 8 to 10 ft. above the level 
of the floor. Subsequent investigation has led to the belief that in 
backfilling operations air was trapped under the floor and that while 
the concrete was dense enough to prevent water leakage it allowed 
moist air to penetrate to the partially cured adhesive in spots and under 
sufficient pressure force the lining off the floor. Repairs were subse- 
quently made. Otherwise no failures or unsatisfactory reports have 
been received from the field. As the first tanks were lined early in 1942, 
no long-time observations or reports can be made but to date this type 
of lining has been entirely satisfactory. 


THIOKOL LATEX COMPOUNDS 


Thiokol latex compounds were approved at about the same time as the 
sheets. A primer and a finisher compound met the requirements for 
use as a protective lining for concrete tanks storing aviation gasoline. 
A contract for supplying these materials was made with Stoner Mudge, 
Inc., Pittsburgh, Pa. The linings were applied by local labor and sub- 
contracts after some training by and under the supervision of a represen- 
tative of the manufacturer. The lining was to be applied by spraying 
or brushing on successive coats of the primer and finisher to the required 
final thickness. The tensile strength of the finished lining as originally 
approved was low in comparison with the thiokol F-A sheets and it was 
realized that its crack-bridging qualities were limited. The manu- 
facturer was conducting extensive research work at the time and the 
contract allowed for changing the composition of the compounds should 
these compounds be improved. This was done before any tanks other 
than some test tanks were lined and the compounds finally applied 
represented improvement in the workability ,coalescence and storage 
properties of the latex compounds. Shortly after the first tanks were 
actually lined with the latex compounds the manufacturer developed 
a method of application using a membrane reinforcement that in effect 
resulted in a built-in-place sheet lining having a high tensile strength 
and excellent crack-bridging ability. After thorough laboratory tests 
and experiments in the lining of several large tanks at Norfolk using 
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this method it was adopted as a standard for the thiokol latex linings. 
The method of application, fully described in Bureau Specification L-4, 
is simple. The brushed-on method was preferred to the spray method 
and was found to be the best and cheapest means of application. One 
coat of primer is applied and allowed to set. The second coat of primer 
is applied and the osnaburg cloth membrane is dampened and applied 
while this coat is still tacky. The third and fourth coats of primer are 
applied over the fabric membrane and two or more coats of finish applied 
to obtain the total required thickness of 0.030 in. with a tolerance of 
0.005 in. As there are no toxic or inflammable vapors present in apply- 
ing these compounds ventilation is required only for the comfort of the 
workmen. In this connection the overpowering odor of these compounds 
in the confined spaces soon makes the workmen insensible to it and in 
strong concentrations the vapors may cause a stinging sensation in the 
eyes. 

As the compounds are in a water solution the concrete should be damp 
prior to the application of the first primer coat to prevent too rapid 
dehydration by dry concrete surfaces. Consequently condensation is 
not objectionable unless in such quantities as actually to run down the 
wall or to cause the latex compounds to run before coalescence. Heat- 
ing may be required to avoid excessive condensation and is also used 
to hasten drying or coalescence. The tanks should of course be kept at 
above-freezing temperatures. The latex compounds were applied in 
most cases by sub-contracts with companies experienced in waterproofing 
and under the supervision of the manufacturer. The materials were 
furnished under a direct contract with the Navy. More than three 
quarters of a million square feet of tank surfaces have been lined with 
Thiokol latex compounds with membrane reinforcement, the greater 
part being in tanks for aviation gasoline storage and a few diesel oil 
tanks. No adverse reports have been received from the field to date 
and the Bureau considers this type of lining to be the most economical 
lining, fully meeting all of the essential qualifications of a protective 
lining for concrete tanks storing diesel oil or aviation gasoline, that is, 
protection against leakage, contamination and crack-bridging ability. 





AMERCOAT 








Amercoat is a synthetic resin lining that was developed by the Ameri- 
can Pipe & Construction Co., Los Angeles, a number of years prior to the 
beginning of our lining program. Laboratory tests indicate practically 
no contamination or leakage of the high aromatic gasolines stored in 
concrete containers lined with this material, however the finished coating 
is non-elastic and has a very low tensile strength and consequently little 
ability to bridge cracks that may develop in the concrete structure after 
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the lining is applied. The method of application was comparatively 
simple and experience in application at that time indicated that it could 
be applied by labor available in remote locations with a minimum of 
training. For these reasons it was decided to line the bulk of the diesel 
oil tanks in the construction program with Amercoat and also to line 
gasoline tanks in remote locations to avoid sending the labor and equip- 
ment required by the other materials the great distances involved. The 
vapors given off by this material during application and drying are 
explosive and detrimental to health when in sufficient concentrations 
and proper ventilating equipment is included in Bureau specifications 
as a safety measure. As a dry, clean, dust-free surface is required for 
proper adhesion to the concrete surfaces the Bureau specifications require 
acid etching, washing and drying of the concrete surfaces before appli- 
cation. Temperature and humidity conditions may require heating. 
The application consists of one coat of primer, two or more coats of 
enamel to build up to a minimum thickness of #z in. and two seal coats. 
The priming coat is applied by brushing to insure a better adhesion 
than by spraying but the enamel and seal coats are sprayed on. Amer- 
coat was applied locally and the materials were furnished by direct 
orders from the individual jobs. More than three quarters of a million 
square feet of tank surfaces mostly for diesel oil storage were lined and 
no reports of failures have been made to the Bureau. The Amercoat 
product for lining concrete tanks should not be confused with the manu- 
facturer’s product for lining steel tanks. 


SUMMARY 


It must be borne in mind that the problem of lining concrete tanks 
opened up a practically new field at the beginning of this program with 
no actual field experiences to draw on. Due to the extensive research, 
tests and cooperation of the manufacturers, however, the final results 
were surprisingly near to the original expectations. Only time will 
confirm the endurance or life of the linings, but it is the present belief 
that the types of materials used and the means of application now in 
use have successfully solved the Navy’s problem in the use of protective 
linings for prestressed concrete tanks. 

Subsequent to commitments for lining all of the concrete tanks under 
the Navy’s construction program two additional companies submitted 
materials that were approved for use by the Navy but due to the fact 
that full commitments had been made none of these materials was 
actually installed in Navy tanks. The U. 8. Rubber Co. has had a 
Thiokol F-A sheet approved. These sheets are in all respects similar 
to the Thiokol F-A sheets manufactured by the Boston Woven Hose & 
Rubber Co. The A. C. Horn Co. has had its products, the Horn Tank 
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Coating No. 1 (primer), No. 2 (enamel coat), No. 3 (seal coat), approved; 
it is in all respects similar to Amercoat. 

Attention is invited to the fact that more than usual care should be 
observed in the construction and interior finish of the concrete tanks to 
be lined. For any of the types of linings discussed here prestressed 
concrete tanks must meet rigid requirements for watertightness and 
finish. There is little question as to the proper qualifications of a lining 
for concrete diesel oil tanks, its main purpose being to prevent leakage 
from the tanks as constructed. Danger of leakage through subsequent 
cracks that may develop in the tanks due to settlement or other causes 
should be considered. The choice of either of the approved linings for 
diesel oil tanks is therefore a matter of economy rather than quality or 
application. To compare the linings used for aviation gasoline storage 
tanks a summary of the quality, the advantages and disadvantages of 
application, of each of the three types of linings follows. 


Thiokol F-A Sheets 

Quality—This material affords the highest degree of protection and the 
rugged sheets are capable of bridging cracks to the limit of their tensile 
strength. 

Application—Great care must be exercised in constructing the tanks 
and obtaining the proper finish for good adhesion. The application is a 
highly specialized job and should not be undertaken except under proper 
supervision with skilled workmen and adequate equipment. Health 
and safety hazards must be given great consideration but with proper 
precautions and equipment no undue concern is felt in this regard as all 
of the work for the Navy was accomplished without mishap. The pres- 
ence of water or moisture during application or during the curing period 
of the adhesive is disastrous for proper adhesion and too much emphasis 
cannot be placed on this factor to obtain a successful job. On the whole 
the application is a highly technical and skilled operation that cannot 
be done with local labor but results in an excellent lining when properly 
applied under the proper conditions. 

Conclusions—The Thiokol F-A sheets afford the highest degree of 
protection considering all requirements but due to present high costs 
and to the many problems involved in the application requiring special 
equipment, highly skilled workmen and supervision and to the critical 
material required for the adhesive, its use seems limited to emergency 
installations where time is the essential element. 


Thiokol latex compounds with membrane reinforcement 
Quality—The degree of protection afforded by this material is practi- 
cally the same as for the Thiokol F-A sheets and when used with the 
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membrane reinforcing the crack-bridging ability is considered sufficient 
to eliminate cause for concern under normal conditions. 

A pplication—As in all types of linings the tank construction must meet 
the proper specifications as to watertightness and finish. The applica- 
tion is comparatively simple with no health or safety hazards involved 
and can be accomplished by local labor or waterproofing contractors 
under competet supervision. Moisture is not detrimental except in cases 
of excessive condensation and can generally be overcome with a minimum 
of equipment. 

Conclusions—With the addition of the membrane reinforcing this 
material affords adequate protection for Navy installations. The result- 
ant is a tough durable lining, unaffected by moisture or condensation 
conditions normally found, easy to apply with local labor and seems to 
be the most practicable and economical lining. 


Synthetic resin linings 

Quality—The protection against contamination is ample but the 
absence of the crack-bridging qualities found in the other two types of 
linings is considered the main objection for use in gasoline storage tanks 
It is felt that leakage through even small cracks that would rupture the 
lining after application might result in serious loss of fuel and the creation 
of a potential fire hazard. It is considered satisfactory for use in diesel 
storage tanks where there would be only slight losses and little cause for 
concern in regard to the fire hazard should small cracks develop in the 
tanks. 

A pplication— With properly prepared concrete surfaces the application 
is a simple operation that can be accomplished generally by local labor 
with detailed instruction for application. Condensation and the danger 
of explosion in concentrated quantities of the fumes can be overcome 
by the use of proper equipment. 

Conclusions—The synthetic resin lining affords sufficient protection 
against contamination of gasoline but does not give full protection against 
possible leakage. For this reason this type of lining should be considered 
by the Navy only as an alternate to the other two types and used for 
lining aviation gasoline storage tanks where the time element involved 
outweighs the consideration of lasting protection due to possible late 
defects in the structures to be lined. 


Discussion of this and the following paper will be combined. Such 
discussion should reach the ACI Secretary, in triplicate, by July 1, 
1944 for publication in the November Supplement, concluding 
Proceedings V. 40. 
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Concrete Gasoline Tanks for Military Use* 


By E. R. SHEPARDt 


SYNOPSIS 
As a result of the critical shortage of steel sheet and plate, a number 
of tanks for the bulk storage of aviation gasoline have been built of 
concrete, in which various methods of sealing the tank against the 
leakage of gasoline are being tested. Two tanks are water sealed, one 
by the double wall method and the other by submersion in permanent 
ground water. The effect of the extraction of alkaline salts from the 
bare tank walls on the stability of the stored gasoline is yet to be deter- 
mined. A number of tanks with welded sheet steel linings are in service, 
in some of which interior corrosion has developed where highly cor- 
rosive water is used for operating the tanks by the displacement method. 
Several small concrete tanks built by the Defense Plant Corporation 
without any interior lining other than a brushed-on coat of cement 
grout are in successful operation. 
INTRODUCTION 
In an endeavor to find a satisfactory non-metallic tank for the storage 
of aviation gasoline, the Corps of Engineers has experimented with 
several types of construction and methods of sealing the tanks against 
the loss of gasoline. In carrying out this program, there were built 
during the years 1943-44 two water-sealed, reinforced, non-prestressed, 
concrete tanks, without linings; two prestressed tanks built of Gunite, 
with two different types of linings; four vertical, reinforced, non-pre- 
stressed, concrete tanks, with sheet iron linings; 27 horizontal, pre- 
fabricated welded sheet iron tanks, encased in reinforced concrete; and 
one 50,000-gal. rectangular wood tank made up of 5 compartments, each 
containing a pre-fabricated, Thiokol FA, impregnated bag or cell. In 
addition to these, information has been obtained concerning a number of 
small reinforced, non-prestressed, concrete tanks without either a mem- 
brane lining or a water seal, which were built by the Defense Plant 
Corporation at various contract air academies. 
It is generally believed that ordinary concrete cannot be made suffi- 
ciently dense and impervious to retain gasoline and other light petroleum 


*Presented March 1, 1044 at the 40th Annual ACI Convention, Chicago. 
tHenior Physicist, Office of the Chief of Engineers, War Department. 
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products without appreciable loss and that a seal of some kind, either 
in the form of an interior coating or lining or an exterior water seal, is 
necessary if such products are to be stored without loss. Another prob- 
lem which has to be met is the possible chemical reaction of the stored 
gasoline with the interior surfaces of the container. Tests at various 
research laboratories have shown that intrinsically unstable gasolines 
(those containing relatively large amounts of olefin hydrocarbons) which 
depend upon the action of inhibitors for their long-time storage ability 
are rendered unstable when stored over water in concrete containers. 
This is due to the removal and destruction of inhibitors by alkali im- 
parted to the water by the concrete. As free alkaline salts are always 
present in concrete, the possibility of injury to gasoline stored in contact 
with bare concrete is one of the questions for which it was hoped an 
answer would be found during the program of experimental tank con- 
struction. 
WATER-SEALED TANKS 


One of the water-sealed concrete tanks constructed by the Engineer 
Corps is a 50,000-gal. tank at Lowry Field, Colo., which has a double 
concrete wall, the space between the two walls being kept filled with 
water to act as a dam against leakage of the contained fluid. Gasoline 
is withdrawn by the displacement method and the tank is, therefore, 
always full and under pressure. The amount of water in the tank varies 
from a minimum to almost the full capacity of the tank, depending upon 
the amount of gasoline present. The tank was put into service in July 
1942, since which time pH measurements of the water have been made 
periodically. At no time during the first six months of operation, for 
which records are available, was the pH of the water higher than 7.5 
nor was it in excess of that of the source water, as reported independently 
by the Water Department of the City of Denver. This tank has now 
been in successful operation for some 20 months and no adverse condi- 
tions have been reported.* With the extreme dilution of any salts which 
may be supplied from the bare concrete walls and the withdrawal of 
from 35,000 to 70,000 gal. of water per month, there appears to be little 
likelihood of alkaline contamination. 

Karly in 1943 a 55,000-gal., reinforced, concrete tank was constructed 
at Eglin Field, Fla. It is in low ground where it is completely sub- 
merged in permanent ground water. A relatively impervious concrete 
mix was used in this tank and practically no water has reached the 
interior, although the water table is at or above the top of the tank walls. 
Several weeks after completion, the interior walls of the tank were found 
to be dry. 


*Discussion developed that later information reported the tank temporarily out of service for the re 
moval of normal precipitates 




















CONCRETE GASOLINE TANKS FOR MILITARY USE 431 


To determine what effect, if any, the unlined concrete would have on 
aviation gasoline, 10,000 gal. of 100 octane gasoline were stored in the 
tank about May 1, 1943, and removed Aug. 15, 1943. During this 
period, weekly tests were made by the Naval Research Laboratory on 
samples of both gasoline and water extracted from the tank. So little 
water was in the sump that difficulty was experienced in extracting even 
small samples. The pH of the water was found to be from 10.1 to 10.3 
during the entire 9-week period. Unfortunately, the tests on the gasoline 
were not conclusive as it was found that the particular lot of gasoline 
selected was intrinsically stable and not subject to deterioration in the 
presence of alkaline salts. Since the removal of the 10,000 gal. of gasoline 
on Aug. 15, the tank has been in service on operational storage, using 
87 octane and later 100 octane gasoline. The 10,000 gal. of 100 octane 
gasoline originally stored in the tank were used in airplanes and no 
trouble has been experienced by the Air Corps with any gasoline stored 
in the tank. Further efforts will be made to obtain a supply of inhibited 
but naturally unstable gasoline on which more conclusive tests can be 
made. 


GUNITE TANKS WITH MEMBRANE LININGS 


Two 50,000-gal. pre-stressed concrete tanks, constructed by the Gunite 
method, were completed early in 19438 at the Fighter Command Air 
Station, Camp Springs, Md. These tanks were constructed in monolithic 
form entirely of Gunite material, the bottom and walls being shot from 
the inside and the dome from the outside, against wood forms. After 
removal of the forms, pre-stressing bands were installed on the outside 
walls and over these an additional Gunite protective coat was applied. 
Tank 3-804-A is on high ground and rests above ground water elevation. 
The interior, bottom and sides, received a troweled finish, presenting a 
smooth surface. On this troweled surface a Thiokol lining was applied. 

Two types of synthetic rubber, both of the Thiokol group, have found 
application as lining material for gasoline storage tanks. This material 
is proof against the action of any of the constituents of high octane, 
aromatic gasoline and it is plastic and elastic and self-healing. In sheet 
form, it is applied to concrete with a cement, the solvent for which is 
ethylene diachloride, a toxic and inflammable material. The application 
of the sheets is a highly technical operation, requiring adequate ventila- 
tion, and at times, pre-heating of the tank walls, to prevent condensation 
of moisture during application of the volatile cement. A permanent and 
satisfactory bond between the lining and the concrete surfaces can be 
obtained only when the walls are thoroughly dry. 

Thiokol is available also as a latex in water suspension and in this form 
can be applied to damp concrete. The curing process is the most difficult 
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and critical, often requiring artificial ventilation of the tank for some 
time after application of the coating. It is this latter material, in com- 
bination with a reinforcing cotton fabric, that was used in the Camp 
Springs tank. The method of application is as follows: 

(a) Apply with brush one coat of primer compound to damp concrete 
surface. 

(b) Apply one layer of 4-0z. Osnoburg fabric and brush flat into 
primer coat. 

(c) Apply a second coat of primer over fabric and allow to set. 

(d) Apply a third coat of primer and allow to set. 

(e) Apply three coats of finish compound and allow each coat to set 
before applying the succeeding coat. 

The quantities of latex solids per square foot of surface are approxi- 
mately 0.12 pound in the primer and 0.08 pound in the finish. The 
lining thus formed is approximately 0.03 in. thick, is uniform in texture 
and appearance, and provides a homogeneous membrane over the walls 
and bottom of the tank which completely shields the concrete surface 
from gasoline. The cost of such a lining is 35 to 50 cents per square foot, 
depending upon the amount of labor involved in filling pits and other- 
wise providing a smooth surface for reception of the lining. 

On June 2, 1943, this tank was filled with 100 octane gasoline. With- 
drawals were made as follows: June 10, 1943-—24,000 gal.; July 18, 1943 
—24,000 gal. Aug. 18, 1943, there remained in the tank, gasoline to the 
depth of about 8 in. On that date, Mr. M. H. Mannakee, Asst. Supt 
of Construction entered the tank, using suitable safety measures, after 
which he reported as follows: 


The interior of the tank seemed perfect. The walls have the same gray texture 
as on the date of completion. There is no evidence of shrinkage, cracks, loosening 
from the wall, leaks, condensation, or impairment of the surface. There seems to be 
no drawdown lines, marking levels where the gasoline stood at different dates. The 
yresence of 8 inches of gasoline in the tank prevented a first class examination of the 
Seiten. As far as could be seen, it is in just as splendid condition as the sides 


Tank 3-804-B was completed some weeks later than the one just 
described. The bottom of the tank rests below ground-water elevation 
and early in the spring of 1943, heavy rains further increased the height 
of the ground water temporarily and the hydrostatic pressure caused 
cracks and leaks in the bottom of the tank, necessitating extensive 
repairs. The concrete on the interior of this tank was not troweled 
but had the regular Gunite surface, This tank was lined with “Oil Foil,”’ 
a modified magnesium oxychloride cement. As this material is somewhat 
soluble in water and as leaks in the tank bottom persisted, it was decided 
to remove the Oi) Foil from the bottom and from the walls to a height 
of about 2% ft., or above the outside water table, and replace it with 
Thiokol latex. After removal of the Oil Foil a Yin. coat of cement 
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mortar with 10 per cent Ironite was troweled on the bottom and walls 
from which the coating had been removed. The tank was then dried 
out and heated with blowers and electric heaters and, on Aug. 5, 9 coats 
of Thiokol latex without fabric were brushed over the plaster coat as 
rapidly as drying conditions would permit. Aug. 15, 1943, the heaters 
and blowers were removed and the tank sealed. On September 1, it was 
opened and inspected by Mr. Mannakee and both the Oil Foil and 
Thiokol coatings were found to be in good condition. No condensation 
was evident. 

From the experience with these two tanks, it appears that a Thiokol 
latex membrane with fabric reinforcement, when applied to a smooth 
concrete surface, provides a very excellent lining for the retention of 
gasoline. This type of lining is favored over that used in tank 3-804-B 
without fabric reinforcement and on a rough concrete surface. Thiokol 
linings applied by this latter process are irregular in thickness and subject 
to blistering and puncture where a hydrostatic back pressure exists. 

Where ground water is absent and where condensation can be con- 
trolled and water-free gasoline stored, Oil Foil provides a relatively 
satisfactory and inexpensive lining for gasoline storage tanks. 


Other information concerning these tanks is contained in Table 1. 


CONCRETE TANKS WITH SHEET METAL LININGS 


Sheet iron (or steel) of 16 gauge, with welded seams, has been installed 
in several 50,000 and 100,000-gal., reinforced, non-prestressed, concrete 
tanks for the storage of gasoline at Walterboro and at Myrtle Beach, 
S.C. The wall sheets, with iron anchors welded to them at 2-foot inter- 
vals were placed to act as the inside wall forms and the concrete was 
poured against them. The floor sheets were laid and welded after the 
floor slab was poured. The contract price of two such lining installations 
was comparatively high, being in excess of $1.00 per sq. ft. The problem 
of testing the welded seams for pinholes was troublesome but was finally 
solved by using a vacuum seam tester, by which air suction was applied 
to the seam under a soap solution, contained in a rubber shod vessel 
with a glass front, which was moved slowly over the seam. Bubbles in 
the soapy water appeared wherever a pinhole was encountered, A 
number of pinholes were found in this manner, but there is no positive 
assurance that all of them were discovered, Leakage of gasoline through 
such pinholes, particularly where the concrete is in good contact with the 
sheeting, will obviously be difficult to find and may continue at a slow 
rate without ever being discovered, For this reason this type of lining 
will not be entirely satisfactory until a more positive method of assuring 
continuity of the seams is developed 
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# Fig. 1—100,000 gal. 
concrete tank under 
construction. 





Fig. 2—Completed 
tank, exterior. 





Three such bulk storage tanks were put into service at Myrtle Beach, 
8. C., in July and August 1943, and latest reports of gauge stick measure- 
ments indicate no leakage or loss of gasoline. A similar tank at Walter- 
boro, 8. C., has not yet been put into service. Pertinent data on these 
tanks are contained ip the accompanying table. 

A different type of metal-lined tank for the storage of gasoline has 
found favor in the Los Angeles Engineer District. Twenty-seven such 
tanks of 25,000 and 50,000-gal. capacity were constructed by using a pre- 
fabricated welded sheet steel liner, the outside being encased in reinforced 
concrete. The liners for five of the tanks were constructed of new 12 
and 14 gauge sheet. After prohibition against the use of new steel, all 
liners were constructed of secondhand No. 10 gauge and plate, salvaged 
from crude oil storage tanks. This practice considerably increased the 
cost of the steel liners because of the expense involved in dismantling, 
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Fig. 3 — Interior with 
sheet steel lining. 





cleaning, and handling the secondhand tanks. The fabricated tanks are 
tested for leaks with air at 5 psi before encasing them in concrete. 

No serious construction problems were encountered by the contractors 
who built these tanks and no operating trouble of any consequence has 
developed, except at one location where interior corrosion of the steel 
made it necessary to shut down the system and thoroughly clean the 
tanks of iron oxide which existed in almost colloidally fine particles 
which could pass through the finest strainers. As this is an aqua pressure 
system through which considerable water passes, it is believed that the 
unusual trouble was due to excessively corrosive water in that region. 
This question is now under investigation. Corrosion, both on the inside 
and outside, is an ever present threat to the life of lightweight iron or 
steel and this uncertain factor might well prove to be a deciding one in 
the future selection of lining materials. Not only is there the possibility 
of destructive corrosion of such materials in some locations, but the 
inconvenience and expense of removing products of incipient corrosion 
is something to be avoided, if possible. Further details pertaining to 
these steel-lined concrete tanks are given in Table 1. 


CONCRETE TANKS WITHOUT LININGS 


The Defense Plant Corporation has built at several contract air 
academies in the southwest, a number of smal! concrete tanks without 
membrane linings, in which gasoline is being stored successfully. At 
both the Morton Air Academy at Blythe, Calif., and the Wickenburg 
Glider School, Wickenburg, Ariz., the Defense Plant Corporation ruled 
that the gasoline storage tanks must be constructed entirely of reinforeed 
concrete and must be guaranteed by the contractor to hold gasoline 
without any special interior treatment. The tanks are relatively small, 
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being of 4,000 to 20,000-gal. capacity. Trip-L-Seal was used as an ad- 
mixture in their construction. The entire interior surface of bottom 
and sides was treated with a thin grout, composed of cement, Trip-L- 
Seal and water. This grout was applied with a large paint brush. Al- 
though the tanks have been in service for about one year, there is no 
evidence of leakage or loss of gasoline. 

Accurate measurements over an extended period have not been made, 
but stick measurements for 14 days after the original filling of some of 
the tanks revealed no measurable loss. It is now planned to keep an 
accurate inventory of all additions and withdrawals of gasoline by which 
future losses can be determined. The tanks have been used for the 
storage of 73 and 91 octane gasoline, products of the Union Oil Co. of 
Calif. No trouble has been reported in the use of these fuels. 


THIOKOL CELLS IN WOOD TANKS 


An experimental installation at Homestead, Fla., consists of a 50,000- 
gal. wood tank made up of 5 compartments, each containing a pre- 
fabricated Thiokol FA bag or cell. Each section of the tank is 7 ft. 
long, 18 ft. wide, and 11 ft. deep. The tank itself is constructed of 6-in. 
floor and wall planks and 10-in. roof planks prestressed and tied in with 
6-in. timber ties. All lumber is mill cut to length. Walls and roof are 
splined to increase the watertightness of the structure. To overcome 
buoyancy which would result from a water table 12 in. below the ground 
surface, the tank was loaded with concrete to a depth of 2 ft. 8 in. 

The tank was finished and put into service in July 1943. Aug. 6, 1943, 
a complete operating test was made by pumping 45,000 gal. of aviation 
gasoline into the system. It was found that the 5 Thiokol cells which 
are interconnected through exterior piping filled at a reasonably uniform 
rate and that the installation was satisfactorily complete and ready for 
use. Most of the gasoline was then pumped out and returned to the 
regular Air Corps bulk storage tanks on the field, leaving about 3 in. 
in the bottom of each cell below the discharge pipes. 

The linings appear to remain intact and stand up satisfactorily in the 
limited contact they have had with gasoline. An inspection of the 
interior has not been made since the tank was emptied, as the design 
and construction do not permit ready access to the interior. A manhole 
is provided in each Thiokol cell but all fill pipes, discharge pipes, and 
vent pipes project through the manhole lid and it would be necessary 
to dissemble these pipes and the manhole cover to enter and examine 
the interior of the Thiokol cells. However, there has been no indication 
of leakage or loss of gasoline in the tank. 
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SUMMARY AND CONCLUSIONS 


1. A double wall, water-sealed concrete tank, operated by the dis- 
placement method, is giving satisfactory service. Because of the large 
amount of water passing through this tank, the concentration of alkaline 
salts has been too low to cause deterioration of aviation gasoline stored 
in the tank. No trouble from this source is anticipated. A concrete 
tank having a natural water seal by being submerged in permanently 
wet soil is giving satisfactory service for bulk storage of aviation gasoline. 
However, no unstable gasoline has as yet been stored in the tank, and 
the effect of its bare walls on inhibited but naturally unstable gasoline 
has yet to be determined. The unit cost of both of these tanks was 
relatively high, as shown in the summary table. 

2. Pre-stressed concrete tanks built in monolithic form by the Gunite 
method are in satisfactory service for the storage of aviation gasoline. 
A Thiokol latex lining in one of these tanks appears ideal for the purpose. 
“Oil Foil,” a modified magnesium oxychloride cement, used as a lining 
in a similar tank, appears to be satisfactory when not subjected to 
moisture. 

3. The Corps of Engineers has constructed about 30 concrete tanks 
with welded sheet iron or steel linings for the storage of gasoline. Unless 
such linings are pre-fabricated and tested before encasing them in con- 
crete, they are difficult to test for continuity and their further use should 
be conditioned upon the development of some practical and simple means 
of locating and repairing faults or pinholes in the welded seams. 

4. Some trouble from interior corrosion of steel-lined tanks has been 
experienced as a result of highly corrosive water used in displacement 
systems. Because of the relatively thin metal lining in tanks of this 
design, the corrosion problem, both inside and outside, may become so 
serious as to materially shorten their useful life. 

5. A number of unlined concrete tanks are being used in the south- 
west for the storage of gasoline. Although the tanks are reported to be 
successful, no accurate inventory of the gasoline has been kept and until 
reliable data are available, the ability of these tanks to store gasoline 
without objectionable leakage should be questioned. 


Discussion of this and the preceding paper will be combined. 
Such discussion should reach the ACI Secretary in triplicate by 
July 1, 1944, for publication in the November Supplement con- 
cluding Proceedings V. 40. 
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Discussion of a paper by Morris A. Spamer: 


Navy Installations of Protective Linings for Prestressed 
Concrete Tanks Containing Liquid Fuels* 


and 
of a paper by E. R. Shepard: 


Concrete Gasoline Tanks for Military Uset 
Discussion by F. R. STONER, J. L. GILLILAND, JR., and MORRIS A. SPAMER 
By F. R. STONER} 


So comprehensive has been Mr. Spamer’s handling of the Navy’s 
program of lining pre-stressed concrete tanks for the storage of liquid 
fuels, that these remarks must be limited principally to the cataloging 
of certain unforeseen difficulties which we, as manufacturers of organic 
protective coatings and products from polysulfide rubber crudes, had 
no way of anticipating. As Mr. Spamer has indicated, time was a vital 
element since construction of a number of tanks was already well under- 
way. The lining materials ultimately selected by the Bureau of Yards and 
Docks had already shown considerable promise from the standpoint 
of laboratory evaluation. A dead-line was set for the reduction of labor- 
atory practice to commercial, large-scale tank lining. This meant, in 
the case of Thiokol latex compounds, the standardization of manufacture 
of the crude, the selection of proper processing methods, the construction 
of adequate processing equipment, and the lining of several tanks for 
purely experimental purposes—a project which would normally require 
a year’s work, but which, by necessity, was completed in about one- 
quarter of that time. 

A great deal of credit for the successful development of the Navy tank 
linings is due to the helpful advice and encouragement from the personnel 
in the Bureau of Yards and Docks. We are convinced that where the 
specifications covering the construction of pre-stressed tanks and the 

*ACI Jouunan, Apr. 1044; Proceedings V. 40, p, 417, 

(ACI Jounnan, Apr. 1044; Proceedings V. 40, p. 420 
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installation of protective linings are followed with a minimum of devia- 
tion, satisfactory tank linings for the purpose intended will result. 


It has been pointed out that in the pressure of the emergency, speed 
on the heavy construction work was stressed and those involved in 
this work could hardly be expected to worry too much over the problems 
of the lining contractor, whose rather nebulous requirements had not 
really crystallized at the time of the early tank construction. Certain 
undesirable features of these first tanks became evident at an early date, 
and steps were taken to eliminate the recurrence of these faults. While 
the order of importance of the undesirable features of concrete tanks, 
from the point of view of the lining technician, is undoubtedly subject 
to some disagreement, we are inclined to believe that the most important 
single factor in securing a satisfactorily lined tank is the condition of 
the concrete surface. Cement finishers, should be prohibited from apply- 
ing any wash coats of cement and water, or from ‘sacking’, as is the 
common practice, to produce a uniform appearance and fill surface 
voids. Forms should be lined with an approved absorbent lining as 
specified, since a concrete surface is thus produced almost free of surface 
voids and with a high degree of surface density. In the event a form 
lining is not used, the concrete wall surface should be left as the forms 
are stripped from it, although, of course, fins and projections should 
be removed. A floor which has been floated and troweled to a hard, 
dense surface by mechanical means is preferred to a surface floated 
only, since droppage from the pouring of the roof cannot be satisfactorily 
removed. All of the above conditions are recognized by the Navy and 
are included in their tank specifications, supplemented by circular letters 
stressing their importance. 

Probably the next most undesirable feature of an underground, pre- 
stressed concrete tank is a leaking ring joint. Unfortunately, too little 
attention has been paid to the specification bearing upon the treatment 
of this feature so vital to a successful lining job. The difficulties we 
have encountered with ring joint leakage have, almost without exception, 
been the result of the inclusion of foreign matter in the joint or the utter 
disregard of specifications and established practice. 

From the standpoint of the application of linings, a few comments 
may be helpful to those who may so line tanks in the future. The Thiokol 
latex compounds are water suspensions closely related to emulsions and 
are, therefore, sensitive to low temperatures. Considerable care should 
be exercized to protect them during shipment and storage on the job 
from chilling or freezing. Where chilling has taken place, the material 
is normally made usable again by heating to 180 F-—preferably in a 
water bath. Neither the air temperature in a tank nor the tank itself 
at the time of application should be below 60 F as an absolute minimum. 
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Since drying and coalesence of the latex require an evaporative condition 
in the tank, heating and ventilation are necessary during cold weather. 
It might be suspected that trouble would be encountered in hot and humid 
climates, but this has not been the case. We have rarely run into in- 
stances of condensation in tanks which could not be remedied by the 
introduction of adequate ventilation, either by blower or wind sail. We 
might add a necessary precaution—each coat of latex should be allowed 
to dry thoroughly and coalesce prior to the application of the sueceeding 
coat. 


By J. L. GILLILAND, Jr.* 


At the request of one of the war agencies, the laboratories of the Bureau 
of Reclamation inaugurated a test series to study the effects of contact 
between concrete and high-octane gasoline and to determine the suit- 
ability of several proposed tank lining materials. Although some of 
the conclusions of this work have already appeared in this Journnaut, 
the emphasis of that discussion was directed to the permeability of con- 
crete rather than to the tests on the lining materials or to the deteriora- 
tion of gasoline in contact with bare concrete walls. 


It has been established that the contact of concrete with gasoline 
would result in the destruction of the gum inhibitors (antioxidants) in 
the gasoline. These inhibitors improve the storability of gasoline by 
postponing the appearance of unstable intermediates which polymerize, 
upon evaporation of the gasoline, to form gum. Characteristically, the 
commonly used antioxidants are sensitive to an alkaline medium, a 
property which causes concern when considering the storage of gasoline 
in concrete. In view of this information, it appeared that a study of 
the gum formation would establish the degree of gasoline deterioration. 


Two types of gum were involved in this study: preformed gum, the 
gum existent in the gasoline at the time of test and potential gum, the 
gum which will form during aging. Preformed gum may be determined] 
by rapidly evaporating a sample of gasoline under controlled conditions 
and weighing the resultant residue. Limits for this test are set at 7 mg. 
per 100 ml. of gasoline. The method** for potential gum requires that 
the gasoline be oxidized at 100 psi oxygen pressure in a steel bomb in 
the presence of a steel catalyst, then filtering and evaporating the gaso- 
line. The precipitate removed by filtration is known as the “visible 
lead precipitate,” and the residue from evaporation the “potential gum.” 


*Chemiat, Materials Laboratories, U. 8. Bureau of Reclamation, Denver, Colorado, 


TDiscuasion by H. 8. Meissner of a aos by J. C. Pearson, ‘Teata of Gasoline Heaistant Coatings.” ; 


ACI Jownnar, June 1944; Proceedings V. 40, p. 202- 1, 

{Standard Method of Toat for Gum Content of Gasoline—A. 8. T. M. Designation D-441-42 

**’ Proposed Method for Potential Gum in Aviation Gasoline,’ Appendix ILI of the Keport of Committee 
D-2 on Vetroleum Products and Lubricants, Proce, A. 8. T. M., Vol. 42, pp. 421-425, (1942) 
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They are limited to 5.0 and 6.0 mg. per 100 ml., respectively. Obviously, 
both preformed and potential gum tests will include any high-boiling 
material dissolved from organic coatings. 

The deterioration of gasoline stored in the laboratory in small, unlined 
concrete tanks (12 in: diameter, 11 in. high) was rapid, and the action 
was accelerated by the presence of water. The interior of one tank was 
carbonated on the theory that this would reduce the amount of alkalinity 
in contact with the gasoline. In each of these tests, the tanks were stored 
in water so that the conditions of water-sealed tanks were simulated. 
For those tanks in which water was present the conditions were such 
that 2.25 sq. ft. of concrete were exposed per gallon of water, and 0.65 
sq. ft. of concrete were exposed per gallon of gasoline. Results of tests 
on gasoline from these tanks, using the potential gum procedure previ- 
ously described, are shown in Table A, which includes determinations 
of the pH of the water below the gasoline. The initial values for this 
gasoline were 0.0 for “‘visible lead precipitate,” and 1.5 for ‘“‘potential 
gum.”’ From this table, it will be noticed that the presence of water 
has accelerated the deterioration and that the pH of the water in contact 
with the gasoline influences the rate. In view of these findings, it appears 
that the results reported by Mr. Shepard for the water-sealed tank at 
Eglin Field, Fla., are explained by the use of intrinsically stable gasoline, 
or by the lower ratio of exposed concrete area to volume of gasoline. 

The tank at Lowry Field, Colo., uses the water-displacement method 
for withdrawing gasoline. Inasmuch as the pH of the water in the tank 
never exceeded the pH of the tap water, it appears that dilution during 
gasoline withdrawals and water wastage during gasoline additions have 
been successful in preventing an accumulation of alkaline salts. At 
intervals during the period in which these pH measurements were made, 
gasoline samples were also withdrawn for test. With the exception of 
the first sample (on which there is some doubt as to the validity of the 
result), none of the samples showed evidence of deterioration. 

As the result of these laboratory and field tests, it appears justifiable 
to conclude that unlined concrete tanks should be used only for live 
storage of gasoline intended for immediate use, and should not be used 
for dead storage; nor should gasoline from concrete tanks be stored 
again, even in steel tanks, for a prolonged period before use. 

When considering gasoline from lined tanks, the problem assumes a 
different aspect. In this case, the residue obtained in the accelerated 
aging test may not be polymerized “gum” from the gasoline but may be 
instead high-boiling materials dissolved from the lining itself; therefore, 
a test series was made to determine the solubility of various linings in 
an aromatic blend of aviation gasoline. The test was conducted by 
exposing neat cement bars, which had been coated with the various lining 
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materials, to the gasoline in sealed glass jars. The solubilities of the 
coatings were then determined by applying the ‘‘preformed gum”’ pro- 
cedure to the gasoline so that true gum formed by accelerated aging 
would not be measured. From the results of this test, given in Table B, 
it is apparent that these materials vary widely in their solubilities. 


TABLE B—SOLUBILITY OF COATINGS IN AROMATIC FUEL 
(mg. residue per 100 ml. gasoline) 








Coating No. 1 Month 2 Months 
ee or 1.4 1.0 
Bare concrete... sn 2 1.0 
AS ERO TE 3.6 3.6 
4.. 1.4 2.0 
Ai. a Giupkee 5 iene ag 0.8 1.0 
i Pg i. 19.8 31.6 
11b (repeat 12 mo. later)... 27.2 Not available 
lle (new formulation). .... 51.7 Not available 
| eR elaine Re Sea as. 14.8 15.2 





In each of the above tests, 2.6 sq. in. of coating were exposed per 100 
ml. of gasoline; however, inasmuch as this is approximately 40 to 50 
times the exposure in a 50,000-gal. tank, it is doubtful if gasoline from 
such a tank would show a measurable increase in residue. Of the above 
coatings, numbers 4, lla, llc, and 14a are those described by Messrs. 
Spamer and Shepard as having been used in field applications. 


AUTHOR'S CLOSURE, BY MORRIS SPAMER 


Results listed in Table B of Mr. Gilliland’s discussion are of the same 
order of magnitude as the results found at the Naval Research Lab- 
oratory. It should be noted in particular that these tests were designed 
in such a manner that 100 ml. of gasoline were exposed to 2.6 sq. in. of 
coating. It is obvious that the contamination of a given volume of 
gasoline from any coated surface is directly proportional to the surface 
exposed to that volume. Thus, in order to predict from laboratory test, 
the contamination expected from linings of full scale installations, this 
surface-volume ratio must be considered. When this surface-volume 
ratio of the tests is projected to the surface-volume ratio of full scale 
installations, the gum content becomes inconsequential, and from the 
standpoint of performance of the fuel, can be neglected. 
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War-Born Concrete Products* 
By C. F. MOORET 
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SYNOPSIS 
This paper records how the necessity for the conservation of critical 


materials—notably steel—was met with ingenuity and resourcefulness 
by the concrete products industry. Small individual steel savings when 
multiplied by large production resulted in conserving enormous quantities. 

Over and above the 200,000,000 odd concrete masonry units used in 
temporary war housing, 185 manufacturers in 35 states produced well 
over 3,000,000 precast products of one kind or another during 1943. 
These products described, and many of them illustrated, will in many 
instances carry on into peace time production. 

The war shortage of critical materials provided opportunity for 
service by the concrete industry. It has responded to the challenge 
with a gratifying display of ingenuity and resourcefulness. This paper 
summarizes some of the more important uses of concrete to replace 
critical materials. 

Most of us have some familiarity with the application of reinforced 
concrete to roof construction for industrial buildings. The long span 
possibilities of arch and continuous construction, with attendant low 
steel requirements and wide column spacings, have proved concrete 
construction ideal in this field which was formerly thought of as almost 
wholly the province of structural steel. Arch roof slabs have generally 
been of two types, one having a smooth ceiling with the beams inverted 
above the roof line, the other, the more conventional type with beams 
having bottom chords below the roof slabs. Another type of industrial 
building has trusses which use concrete sections for the compression 
members and eye-bars for the tension members and employing some 
standard type of roof slab between the trusses. An immense amount of 
steel has been released for vital uses through this type of substitution in 
essential war construction. Concrete beams have also been used for 
the first time as supports for heavy travelling cranes in industrial build- 
ings and have proved satisfactory for this use. 


*Presented by the Author March 2, 1944, at the 40th Annual ACI Convention, Chicago. 
tCement Product Bureau, Portland Cement Association, Chicago 
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On the other hand perhaps few of us have a true conception of the 
rarieties and quantities of the replacements of critical materials by the 
smaller and more common products and adaptations. 

The less spectacular uses have, in the aggregate, conserved enormous 
quantities of materials and have probably been a bigger factor in that 
respect than the larger, more publicized projects. 


CONCRETE TANKS 


The complete absence from the market of all types and kinds of steel 
tanks would have been much more serious had it not been possible in 
many cases to replace them with concrete tanks. In normal times 
farmers buy thousands of steel tanks each year, and the shortage was 
acute in view of the increased need due to the accelerated food pro- 
duction program. One of the most unique adaptations is the use of 
precast concrete burial vaults by farmers for milk coolers and other 
farm tank purposes. Incidentally, the use of precast concrete burial 
vaults has increased greatly due to the unavailability of other types. 
Concrete has been used for tanks ranging from the small, many purpose 
precast tanks used on farms and by industry through the precast and 
cast-in-place tanks for residential fuel oil storage, water storage, etc., 
up to the huge prestressed oil storage tanks built by the Army and the 
Navy. Concrete tanks have been used to store a variety of liquids from 
heavy oils to high octane gasoline.* Construction methods and designs 
have been developed and perfected which have assured their practica- 
bility for this wide variety of purposes. 


Fig. 1—1000-bushel grain bin 





One of the interesting developments in the field of tank construction 


is that of a New York contractor, using commercial grade small diameter 


wire having a yield point of about 185,000 psi to prestress large concrete 
tanks. First the concrete shell without circumferential or band steel, 
but having prestressed vertical steel is built. This shell is then spirally 
wrapped with wire to a predetermined prestress using a unique machine 


*See papers by Spamer and by Shepard in this Jounnat. 
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Fig. 2—Concrete water tank and a 
concrete granary 


Fig. 3—Concrete septic tanks precast 
in sections 








that the Preload Company has developed. The machine runs on wheels 
around the rim of the tank at about 3 miles per hour, can be raised or 
lowered and set to the desired prestress. After the wire is in place it is 
completely embedded in pneumatically applied concrete mortar. 


An Ohio silo manufacturer is successfully marketing concrete stave 
silos for water storage tanks. Such tanks have been used for small 
storage purposes on farms, but now have been developed for industrial 
and city water storage purposes as well. The critical consideration for 
the successful use of silo staves for water tanks is the joint between the 
tank base and the staves. No manufacturer should attempt to use 
staves for this purpose without having competent engineering service 
available as the danger of an inadequate design is great. The pictures 
show tanks built at Delta, Pennsylvania. Each tank has a capacity of 
50,000 gal., and the cost of the two tanks completely erected is $3,200 
or 3.2 cents per gallon of capacity. Any structurally adequate water 
storage tank having a cost of less than 4 cents a gallon undoubtedly 
has a place in the construction field. 
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Fig. 4—The Preload machine at work on a concrete tank 


FLOORS OF CONCRETE BLOCK 


Where reinforcing steel could be obtained the standard precast joists 
with precast or cast-in-place slabs, and the cored precast floor systems 
have been used to replace wood floors. There has been considerable 
development and experimentation in floor systems and there will un- 
doubtedly be an increased activity in this market now that reinforcing 
steel is becoming more readily available. One of the latest methods 
utilizes cored units 16-in. wide similar to concrete masonry building 
units and molded in a standard concrete block machine. These units 
have recesses in the bottom in which to grout reinforcing rods of the 
proper size for the span and load requirements and are assembled into 
“concrete planks” of the desired length. The advantages claimed for 
this system are that the units can be made on a standard machine and 
stockpiled and the planks fabricated to the desired length at the plant 
or on the job as required. 


TEMPORARY DWELLINGS 


Standard concrete masonry units could hardly be classed as a ‘‘war 
born product,” except in their unique new uses in replacing critical 
materials. Due to the critical shortages of lumber the FPHA authorized 
the use of concrete masonry in temporary war housing which under 
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Fig. 5— Two 50,000 gallon water 
tanks built of silo staves 








Fig. 6—Concrete plank floor system 


present plans will be torn down when no longer needed. Approximately 
210,000 temporary family dwelling units with wall area aggregating 
about 180,000,000 sq. ft. and requiring more than 200,000,000 units 
have been or are being built of concrete masonry. The lumber released 
for other uses, by this authorization, for a use you would ordinarily 
consider foreign to concrete masonry construction, amounts to at least 
200 million board feet and becomes one of the largest conservations. 


SABOTAGE PROTECTION 


Concrete masonry has proved to be an ideal material for constructing 
protection walls for vital power plants, war industrial plants, wharves 
and docks, and other essential structures with their vulnerable trans- 
formers, switching stations, etc. The ease with which the desired degree 
of protection can be obtained through single and double thicknesses, 
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Fig. 7—Concrete masonry 
wall for sabotage protec- 
tion in Kansas City 





Fig. 8—Concrete masonry 
for industrial walls 
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filling of cores, ete., coupled with their availability and speedy erection 
possibilities has made concrete masonry especially suitable for this 
purpose. 

Concrete masonry units have also been successfully used to build 
enclosure walls around war plants or areas in place of the conventional 
fence of wire and iron posts. They have generally been built 7 ft. 4 in. 
high using either 12-in. units without pilasters or 8-in. units with pilasters 
to provide requisite stability. 


WALLS FOR SOUND ABSORPTION 


The acoustical and insulating properties of concrete masonry units 
made with lightweight aggregate has made their use desirable in indus- 
trial plants, factory buildings, class rooms, and other places where 
sound absorption and air conditioning is desirable. Three large Stude- 
baker plants built with 4-in. brick and 8-in. lightweight concrete masonry 
backup and the Fisher plant at Cleveland which has curtain walls 50 ft. 
high built of double 4-in. lightweight concrete masonry units are examples 
of this type of use. 

The motor test cells at airplane engine plants have about 20 ft. of 
one end practically filled with preeast concrete units of high sound 
absorption value (about 50 per cent) to cut down noise while the engines 
and props are on the test blocks. The precast units are placed in such 
a way that the sound is reflected back and forth and largely absorbed. 


HEAVY CONCRETE FOR BALLAST AND COUNTERWEIGHT 


The curtailment of cast iron for counter weights and the unprecedented 
ballast requirements for ships created a demand for heavy weight con- 
crete. Concrete weighing about 170 lb. per cu, ft. has been made using 
copper slag as the aggregate, and this weight was increased to around 
200 Ib. when iron ore was used. In the manufacture of ballast blocks it 
was found that a 1-5 mix could be successfully handled in the standard 
concrete block machines, although the wear and tear on the machines 
was found to be about 100 per cent greater than with ordinary aggre- 
gates. Other methods such as placing large lumps of copper slag in 
molds, filling the molds with concrete and compacting on a vibrating 
table were found uneconomical. Most ballast block units are made 
1x6x18 or 4x8x9 in. 


CONCRETE BATH TUBS 


The manufacture of precast concrete bath tubs has previously been 


brought to the attention of the Institute. Tests made by the Bureau of 


Standards and by a recognized bacteriological laboratory have shown 





ad 
i 


Pe he entation ta? 


= ee ee — 


we 











448 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1944 


Fig. 9—Concrete lintels and mullions 





them to be eminently satisfactory after 18 months of service. A proposed 
specification for concrete bath tubs is up for adoption as a commercial 
trade standard under the auspices of the Trade Standard Division of the 
Department of Commerce. The display in the lobby* includes a tub 
with an enamel finish and probably more interesting to us 
applied finish. 


, one with no 


CONCRETE LINTELS 


An F.H.A. directive prohibits the use of steel angles for lintels in war 








*At the 1944 ACI Convention. 
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housing consequently precast concrete lintels have largely taken over 
this field. Precast mullions for steel sash and glass blocks have provided 
another field for precast concrete units. 


SHOWER STALLS AND BASES 


Cement asbestos sheets have been used to a considerable extent to 
replace siding and plywood, and other more critical materials. Their 
use is now directly encouraged by the WPB to utilize short fiber asbestos, 
which is a by-product of long fiber asbestos, a critical material itself. 

The need for shower stalls and bases in army camps, war housing and 
industrial buildings created a demand for a replacement for the inexpen- 
sive and widely used complete steel shower stalls. Stalls made with 
cement asbestos enclosure walls and precast concrete bases have admir- 
ably met this demand. 


CATCH BASIN GRATES; MANHOLE COVERS 


Precast concrete catch basin grates and manhole covers and frames 
have replaced standard cast iron to a considerable extent, particularly 
for airports and army camps. The precast grates are generally of indi- 
vidual pieces with a cross section similar to the letter “I’’ and made in 
16-in, 23-in. and 30-in. lengths for the standard 12-in, 18-in., and 24-in. 
intercepting inlets. This design makes their use very flexible with a 
minimum number of parts. The circular manhole covers for standard 
21 to 23-in. sizes are made of 5,000 psi concrete, 3-in. thick. The side 
walls of the frames are 4%-in. thick. 


"Aa 





Fig. 11—Grates and manhole covers 
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An interesting feature of some of the manhole covers used in pave- 
ments is that the frame is bonded to, and made a part of the pavement 
by means of slots and grooves so that the cover is independent of any 
settlement of the manhole walls and remains flush with the pavement. 


There are innumerable small concrete products which have replaced 
critical materials and which in the aggregate have released a large ton- 
nage of critical material for vital uses, and which have provided the 
consumer with articles otherwise unobtainable. Sash weights, tractor 
wheel weights, counterweights for machinery, doors, etc., ballast blocks 
for ships, splash blocks, stepping stones, practice bombs, smudge pots 


for orchards, molds for plastics and plywood, lighting standards, fence 
posts, traffic buttons, keel blocks for shipyard cribbing, heating pipe 
ducts, Christmas tree stands, lawn rollers, bath tubs, feed troughs, fish 
net weights, laundry trays and precast coal boxes are examples of some 
of these products. 


Fig. 12—Feed troughs 
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Fig. 13—Precast concrete coal boxes 





Fig. 14—Burial rough boxes pre- 
cast in sections 





IMPROVED MANUFACTURING METHODS 


In general these special war born products have been made with 
molds and cores on vibration tables when they couldn’t be made in a 
standard concrete masonry machine, Lightweight aggregates have been 
extensively used to save on shipping and handling costs. When products 
required a dense concrete with a smooth surface they were generally 
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cast bottom side up over an oiled, smooth-surfaced mold. The mold 
is very important, as it must be perfectly smooth without pits or blem- 
ishes, and must be shaped so that the product can be drawn over it 
without injuring the edges and corners. Highly polished concrete and 
metal have been most satisfactory for this purpose. 


Fig. 15—Precast hog troughs 





To obtain the required strength and densities it has been necessary 
to use a relatively rich mix with a fairly low water cement ratio, and 
this has made vibration almost mandatory. 

The whole range of curing methods has been run, but the most common 
has been to place the product, still on the mold, in a heated chamber with a 
saturated air condition for from 12 to 24 hours. Mold is then removed, 
the surface and edges inspected, and all pits and blemishes are repaired. 
When the surfaces require grinding and polishing it is generally done at 
this stage of the manufacturing process and the products are then given 
any additional special curing required. Products made and treated 
in this manner can be given a surface finish and color that very nearly 
approaches that of polished stone, and they are not to be compared with 
our ordinary conception of precast concrete. There are bath tubs 
manufactured without a paint or enamel finish which differ so little from 
the standard china enamel on a cast iron tub that it is actually hard to 
distinguish them from the standard tub in appearance or by touch. 

One manufacturer has shipped shower bases while still green and 
having high moisture content in impervious corrugated paper containers 
and the curing thus continues until they are used. Experiments have 
been made using infra-red lamps for the rapid drying of precast products 
prior to their shipment or to expedite the drying before painting or 
glazing. This suggests interesting new avenues of approach to this 
problem. It has been reported that thin sections 2 or 3 in. thick have 
been taken directly from the most curing rooms and thoroughly dried 
under a bank of infra-red lamps in approximately 20 minutes. 
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Fig. 16 — Concrete 
bath tub with white 
enamel thermo- 
plastic finish. The 
tub weighs 250 Ib; 
is 4ft. 1014 in. long, 
14 in. high, 28 in. 
wide — wall thick- 
ness 1 in. 


Fig.17—White 
concrete bath tub 
(white cement with 
no added finish) 
having a detached 
apron — weight of 
tub 325 Ib; of apron 
125 Ib. 


pictures through cour- 
teay C. G. Walker, Secre- 
tary: Cast Stone Inatitute 





There can be no doubt but that the methods developed and the experi- 
ence obtained through the manufacture of war born products will result 
in the retention of a sizable part of this business for the industry after 
the war. 

Considering that the concrete masonry manufacturer, who had been 
making a product requiring a dry porous mix with a strength of around 
2,000 psi in an almost completely automatic machine, was in many cases 
called upon to make a dense concrete with strengths up to 10,000 psi 
and utilizing a different method of manufacturing, one is amazed at 
the ease and speed with which such transitions were made and how 
quickly quantities of uniform and acceptable products were put on the 
market. The cast stone manufacturer was in a better position to take 
on specialties but to his lot fell the development of molds and methods 
called for in solving many of the more intricate problems. Their pre- 
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vious experience in making dense high strength concrete made possible 
the development of many of the products. The entire products industry 
carried out the spirit of the war slogan “‘The difficult things we do at 
once, the impossible things may take a little longer.” 


SUMMARY 


To give an idea of the quantities involved and the market possibilities 
of War Born Products, the Portland Cement Association has compiled 
a list of 185 producers in 35 states undertaking the manufacture of 24 
different products: 24 manufacturers in 14 states manufacture catch 
basins; 69 manufacturers in 26 states make manhole covers and frames; 
13 manufacturers in 10 states make septic tanks; 25 producers in 10 
states make laundry trays; 11, in 10 states, make bath tubs; 27, in 14 
states, make shower bases. One manufacturer of lawn rollers has sold 
100,000 to mail order houses, 50,000 concrete bath tubs were made in 
1943; one manufactured 1,000 hog feeding troughs a day. A manu- 
facturer in a small Minnesota town has sold 121,000 sash weights; 
1,125,000 ballast blocks (40,000 tons) for ships were sold in the New York 
area alone in one year;. A New York manufacturer is now making 
600,000 Ib. of ballast blocks (20,000 units) a day — 6 days a week. 
He uses a large car of cement every day. In two recently built airports 
36,000 precast catch basin units were used conserving 700 tons of cast 
iron. 

Since the WPB has, in general, allowed only showers to be used in 
the approximately 580,000 temporary dwellings that have been or are 
being built it would seem safe to say that at least 500,000 precast shower 
bases have been built for this purpose alone and the grand total would 
probably run to 600,000 or 700,000. 

The production of residential fuel oil storage and septic tanks alone 
runs into many thousands. An Iowa manufacturer developed a light- 
weight portable milk cooling tank and sold 300 units the first month. 

Consider the quantities of units used in the construction of sound 
deadening chambers for airplane motor test rooms. The requirements 
of the army and navy test procedure are such as to require the use of 
about one test cell for a day for each engine produced. The volume of 
the acoustical chamber is about 8,000 cu. ft. and it is mostly filled with 
precast units. As you can readily see this use alone mounts into astron- 
omical figures when multiplied by the number of engines produced per 
day. One relatively small order for such acoustical tile called for 30 
carloads of units. 

Due to the secrecy required in war time and the great number of large 
and small manufacturers in the concrete industry it is obviously impos- 
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sible to assemble and analyze a complete record of all of the quantities 
and types of war-born products. The quantities cited, even though 
necessarily incomplete, are amazing in their scope and bring home to 
us how versatile concrete proved to be when circumstances required, 
Discussion of this paper should reach the ACI Secretary, in triplicate 


by July 1, for publication in the November 1944 Supplement, con- 
cluding Proceedings Volume 40. 
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Discussion of a paper by C. F. Moore: 


War-Born Concrete Products* 


By C. G. WALKERTt 


I am glad to have an opportunity to comment on concrete bath tubs 
and concrete manhole frames and covers as representative of two entirely 
different ways in which, as suggested on your program,t ingenuity has 
been applied to concrete under the force of war’s necessity. I cannot 
think of two uses of concrete which are further removed from the cate- 
gory of things that ordinarily receive the attention of the American 
Concrete Institute. However, I believe these items are of particular 
interest as illustrative of a development in concrete which is taking place 
before our very eyes, a development in which ingenuity or “know how”’ 
are taking the rough edges off of concrete. If this “know how” whether 
of mind or of hand can be lumped under the general heading of ‘“‘brains”’ 
then we can see that concrete is depending more and more upon brains 
rather than brawn in the service it renders. 


Concrete bath tubs have been presented to you before. Instead of 
trying to describe them by word or picture, we have brought a couple 
of tubs along for you to see.{ One of those tubs has an integral finish 
which is obtained through the use of white cement and a highly polished 
mold. We call that a “plain concrete tub”. The other tub has a cold, 
synthetic enamel finish—in fact the finish is Amercoat with which many 
of you are no doubt familiar. If you are familiar with Amercoat you 
know that it has withstood some exceedingly severe usage as tank and 
pipe lining. With respect to its use on bath tubs, extensive tests have 
indicated that its bond is not affected by temperature changes or by 
moisture, that it is resistant to household stains and that severe scrubbing 
with cleaning agents does not remove it. 


To this concrete fraternity, I believe the tub with the integral white 
cement finish is the more interesting That is the type of tub which 
according to Mr. Drew Pearson was found by the U. 8. Public Health 

*ACI Jovnwat, Apr. 1944; Proceedings V. 40, p. 441 


tSecretary Cast Stone Institute, Washington, D. C. 
{Presented at the 40th Annual Convention, March 2, 1944 where sample products were exhibited. 
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Service to be insufficiently sanitary and which according to Mr. Pearson 
becomes too scummy to be cleaned. For the benefit of any of you who 
did not see the second story in which Mr. Pearson very graciously took 
the scum out of the concrete bath tub, I should like to explain the cir- 
cumstances: the U.S. Public Health Service did make tests on a sample 
of proposed ‘‘bath tub” concrete submitted through the War Production 
Board, and they did find exceeding difficulty in removing germs. As a 
result of that finding the Federal Housing Administration declined to 
insure mortgages on houses equipped with plain concrete bath tubs. 
However, as it later developed, the sample tested by the Public Health 
Service was indeed third rate in comparison with the material which 
has actually been put into the 2500 concrete tubs installed in the project 
in Utah. Furthermore exhaustive tests by a most reputable bacteriologi- 
cal laboratory proved that concrete bath tubs with a finish equal to 
that on the white cement tub displayed here are just as sanitary as 
enameled tubs. A direct comparison was made possible by the fact 
that on the housing project already referred to, the lavatories were 
enameled iron and the bath tubs were concrete. Cultures taken from 
lavatory and tub on the same bath room showed the same degree of 
cleanliness or dirtiness as the case happened to be. 


While the Federal Housing Administration and the Public Health 
Service were thus satisfied that concrete tubs could be made with a 
sanitary finish, there were other questions. One concerned the durability 
of the finish. Inspection of tubs on the Utah project by Federal Housing 
Administration representatives showed that after 18 months of service 
the finish was even better than it was to start with. The apparent 
explanation of this is that a reaction between soap and the lime of the 
concrete builds up an imperceptible coating of calcium stearate which 
protects the surface. 

In view of the well known absorptiveness of concrete, the Federal 
Housing Administration was fearful of irremovable bath tub rings. 
Although tubs on the Utah project showed no rings, since they were 
made with gray cement on which the usual bath tub ring would not be 
so noticeable, inquiry was made as to experience in this regard with 
white cement tubs made in a plant at Seattle, Wash. The following 
reply was received from the manufacturer: 


One of our workmen installed one of our early tubs in his home. After six months 
of use this tub looks better than when first installed. He has had no trouble whatso- 
ever with the proverbial ring. In fact he claims it cleans easier than the conven- 
tional iron tub. 


With the interested governmental agencies pretty well satisfied on 
these various points, the question became one of setting up a specifica- 
tion which would assure a quality at least equal to that of the tubs 
which had been tried out. As a solution to that problem, the cooperation 
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of the National Bureau of Standards and the Division of Trade Standards 
was enlisted in the preparation of a specification which is now up for 
adoption as a commercial trade standard. 

The most serious problem on concrete bath tubs is that of resistance 
to thermal shock. Much has already been done to minimize this through 
the character of the concrete, the design of the tub, and the system of 
reinforcing. It is questionable whether a concrete tub can be made com- 
pletely thermal shock proof which means that users of these tubs will 
have to be educated to the fact that real hot water cannot safely be 
turned into them. 

From the standpoint of the average man, the economic significance 
of the concrete bath tub lies in the effect which it will have on the post- 

yar bath tub market. It is too soon yet to know what can be done under 
conditions of keen competition. However, with the benefit of the 
experience that has now been acquired there is good reason to believe 
that the concrete bath tub is one war-born concrete product which will 
be able to hold a place in the postwar market. 

With respect to the concrete manhole frame and cover on display, * 
that is a product which you as engineers can more fully appreciate. 
There was a great deal of head shaking when a concrete manhole cover 
with an edge thickness of only an inch and a half was presented as ade- 
quate to carry heavy highway traffic. However, with approximately 
15,000 of this particular design put into service during the past 18 months 


Fig. A— Man- 
hole cover and 
A reinforcing unit 
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*At the 1944 ACI Convention. 
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without any failures or difficulties having been reported, we can safely 
assume that this product has proved itself. In that connection I should 
like to present a report on field tests made on this type of concrete man- 
hole frame and cover in New York City (report assembled by E. C. 
Nothinger, Engineer, United Concrete Form Products Co.) 

May 27, 1943, a 24 in. standard assembly was placed in the truck lane at the entrance 
to the Holland Tunnel. This location is regarded as the heaviest traffic point in the 
city. For one month after placing the unit the Department kept a cast iron assembly 
along with a tool wagon at the location in case our unit failed. After one month’s daily 
inspection the cast iron assembly and tools were removed. Thereafter inspection was 
made bi-monthly. 

During the first two months the concrete at the top of the cover wore down until it 
was flush with the channel. At this point the wearing stopped. No other changes 
occurred until December, at which time the concrete at the bottom of the cover showed 
signs of wearing where it rests on the angle seat. This also has now worn until it is 
flush with the channel and the opinion is that no further wearing or chipping will occur. 
No cracks or large chips are visible and the assembly appears capable of standing 
indefinitely. The cover unit was of the.old design, that is, the ring was a 34 in. rod, butt 
welded. 

As a result of this test we have received approval from the Manhattan Borough Presi- 
dent’s Office, Fire Department—all boroughs, Department of Hospitals—all boroughs, 
Department of Public Works—all boroughs, Bronx Borough President’s Office, Rich- 
mond Borough President’s Office. 

Our test was made after two unsuccessful tests with a flat slab design of cover. We 
understand that the first assembly of this type was placed but ten days when the edges 
of the cover and seat chipped so badly that it was deemed unsafe. The second unit 
placed lasted three weeks before it became unsafe. 


Concrete manhole frames and covers are another war-born concrete 
product which will assuredly hold a place in the post war market. Its 
structural adequacy has been demonstrated to the satisfaction of the 
most skeptical, and with respect to price it has a definite advantage. 
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Factors Affecting the Thermal Expansion of Concrete 
Aggregate Materials* 
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WILLARD H. PARSONS+ and WALTER H. JOHNSON? 


SYNOPSIS 


As a part of a study of the properties of concrete aggregates, thermal 
expansion determinations were made on 137 specimens of aggregate 

erial nd single crystals by the optic il interferometer method over 
the temperature range {to +140 F. The thérmal expansivities of 
most aggregate materials are close to or within the range of expansivities 
of hardened portland cements Crystal orientation, rock texture, and 
composition are discussed with regard to their effect on the thermal 
expansion of aggregate materials and their relation to the durability of 


concrete 


1—INTRODUCTION 


In conerete structures, where resistance to frost action is one of the 
properties required of the concrete, the thermal expansivity of the aggre- 
gate may be an important factor. If, for instance, the thermal expansion 
of an aggregate differs considerably from that of the cementitious matrix 
a potential incompatability exists which may result in excessive internal 
stresses if the concrete is subjected to large temperature changes. Pear- 
son’) and also Hornibrook® have described concrete failures which 
were attributed to an initial weakening of the concrete because of diff- 
erences between the thermal expansion of the aggregates (which had 
unusually low coefficients of thermal expansion) and that of the matrix. 
The weakened concrete then became susceptible to frost action which 
caused the actual disruption. This sequence of disintegration has recently 
been demonstrated in the laboratory by Pearson®. 

Adequate information is lacking on the thermal expansion character- 
istics of commercial concrete aggregates. Accordingly, as a part of a 
general study at the National Bureau of Standards of the properties of 
aggregate materials, commercial aggregates from a number of sources 


*Received by the Institute, Feb. 25, 1944 


tNational Bureau of Standards, Washington, D. C. 
tSee references at the end of this paper 
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were obtained and separated into fractions representing the various 
rock and mineral constituents of the aggregates. Coefficients of linear 
thermal expansion were then determined for these rocks and minerals 
over the temperature range of —4 to +140 F. This paper discusses 
the factors which may affect the thermal expansion and its relation to 
the durability of concrete. Petrographic description of the various rock 
and mineral fractions of the aggregates and the respective thermal 
expansion coefficients of these materials are given elsewhere™. 


2—MATERIALS AND TEST METHODS 

The interferometer method described by Merritt® and modified by 
Saunders® was used in conjunction with a thermal chamber that 
could be varied continuously between —4 and +140 F. This made 
possible the use of small specimens, the measurement of low expansivities 
and the taking of frequent observations separated by small temperature 
intervals. The majority of the specimens were taken from %4 to 1%-in. 
gravel and were cut in a Y-shape with small projections on the tops and 
bottoms of each arm. The heights of the projections were adjusted as 
described by Saunders®. More detailed descriptions of the apparatus, 
of the preparation of specimens, and of the test procedure are given in 
another paper by the present authors™. 

Commercial aggregates from 26 different sources were divided into 
various rock and mineral fractions as shown in Table 1. Linear thermal 
expansion measurements were made on 137 specimens of these rocks 
and minerals and of some related materials and coefficients given for 
three temperature ranges”. Measurements on oriented crystals of 
quartz, calcite, and microcline feldspar were included. The mineral 
composition and texture of the rocks tested were determined by means 
of a petrographic microscope. 


3—FACTORS AFFECTING EXPANSION 

The common aggregate materials, excluding single crystals, were 
found to have thermal expansion coefficients ranging from 0.5 to 7.7 x 
10°° per degree F between —4 and +140 F.* The mean coefficients, for 
groups of similar materials, are given in Table 2. Typical expansion 
curves for some of these materials are shown in Fig. 1 to 3, inclusive. 
Variations in the coefficients for similar rocks or minerals may be at- 
tributed to three factors—namely, crystal orientation, composition 
differences, and texture. 
Effect of crystal orientation 

Measurements were made on oriented crystals of quartz, calcite, and 
microcline feldspart to illustrate the differences in thermal expansivity 


*All thermal expansion coefficients given in this paper are calculated per degree Fahrenheit. 

tQuartz from Minas Geraes, Brazil; pure single crystal. Calcite from Taos, New Mexico; pure single 
crystal fragment. Microcline feldspar from Bathurst, Ontario: single twinned crystal and a perthite with 
about 90 per cent microcline and 10 per cent albite: less than 14 per cent of quartz. 
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TABLE 2—MEAN COEFFICIENTS OF LINEAR THERMAL EXPANSION 
OF re MATERIALS FoR we TPERA TRE RANGE —-4TO +140F 


\Mean coefficients of linear 





Designations Material Number of| thermal expansion per 
in Table 1 | Specimens | °F x 10° 
Average Range 

B, C, K, L, M, N, O, T | Chert 

(>99% quartz) 19 6.3 5.9 to 6.6 
H, J, X Chert, impure 5 5.6 4.1 to 6.6 
—_—— Opaline chert 2 7.4 7.4 
B, V, X, Y Sandstone 11 4.1 2.4 to 5.8 
G, H,1, P, R, 8 | Limestone 13 2.4 0.5 to 5.1 (*) 
U, W, Z | Siliceous limestone 6 4.6 2.0 to 5.4 
F,Q Dolomite 6 4.2 3.7 to 4.8 
B, D, Z Quartzite 9 5.5 3.9 to 6.8 
B, D, U, V Granite 4 3.4 1.0 to 5.1 (*) 
E, X, Y, Z Other granitic rocks 8 3.4 2.0 to 3.9 
on ee Felsites 10 3.3 2.1 to 4.1 
E, V, X Basalt 7 3.4 2.4 to 4.1 
bg Voleanic breccia 3 3.6 3.4 to 3.8 
Z Argillite 2 5.4 5.3 to 5.4 
A Phyllite 2 3.6 3.4 to 3.7 
a Greenstone 4 3.6 2.8 to 4.6 


(*) Two specimens of Winn Parish, La., limestone (P, Fig. 2) had coefficients of 0.5 and 0.6 x 10-9, 
respectively. All other limestones had coefficients between 1.7 and 5.1 x 10-4. 

») A granite with irregular expansion (V, Fig. 3) had a coefficient of 1.0 x 10-6 The coefficients of 
the other granites ranged from 3.3 to 5.1 x 10-8. 


in minerals along different crystallographic axes. The quartz had coeffi- 
cients of 4.1 x 10°* parallel to the c-axis and 7.5 x 10° perpendicular to 
the c-axis for the range —4 to +140 F; the calcite, 14.3 x 10° parallel 
to c-axis and —2.8 x 10° perpendicular to c-axis; and the microcline, 
0.6 x 10° parallel to b-axis and 9.5 x 10° parallel to a-axis. 


A mono-mineralic rock composed of many crystals with haphazard 
crystallographic orientations should have, in all directions, a thermal 
expansion coefficient representing an average of all possible orientations 
of the mineral concerned. The nineteen cherts, for example, which are 
composed almost entirely of very fine grained quartz (Table 2) all have 
nearly equal thermal expansion coefficients averaging 6.3 x 10°. This 
value is very close to the arithmetric average of the thermal expansion 
of quartz in all crystallographic directions and, therefore, is representa- 
tive of the coefficient of thermal expansion of rocks composed almost 
entirely of quartz grains with random orientations. If, on the other 
hand, a rock has more of its component crystal grains oriented in one 
direction than in any other, the coefficient of expansion in that direction 
will be different from those in other directions. An example of this is 
the siliceous dolomitic limestone from Paso Robles, California, which 
has a coefficient of 4.8 x 10° parallel to its bedding planes and 5.2 x 10° 
perpendicular to its bedding planes. 


——_—_—- - -———_  ——- 
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Effect of composition difference 

Rocks from various sources but of similar composition have approxi- 
mately the same expansivities, if orientation differences are disregarded. 
This was demonstrated for the siliceous rocks (Fig. 1) and the carbonate 
rocks (Fig. 2, with the exception of limestone P). As a specific example, 
the 19 cherts, which were composed of little but silica, had notably 
similar coefficients ranging from 5.9 to 6.6 x 10° (Table 2). When other 
minerals were present, however, as in the 5 impure cherts which con- 
tained varying amounts of calcite and mica (sericite), the coefficients 
ranged from 4.1 to 6.6 x 10°°. Compare also sandstones B and V (Fig. 1) 
and limestones H and W (Fig. 2). 

In the igneous and voleanic rocks, which have several minerals as 
part of their essential compositions and a large number of possible 
accessory and alteration minerals, considerable variation in expansivity 





Fig. 1—Thermal ex- | re — 
pansion curves of va- | 

rious siliceous rocks; 
o = heating points, 
@ = cooling points; S 
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is to be expected. This may be noted in the four granites (Table 2) 
whose coefficients range from 1.0 to 5.1 x 10°, and to a lesser extent in 
the felsites and basalts. The group average for the expansivity of any 
one of these rock types is not a very significant figure since the composi- 
tion of such rocks.is not necessarily as constant as the name suggests. 
Also, different specimens of a particular mineral may differ in com- 
position; for example, the combined water in opai varies in different 
opal specimens. This may help to explain the expansivity differences 
between Nevada opal and California opaline chert (Fig. 1)*. 
Effect of texture 
The kind of texture here considered is grain size, although other 
textures such as crystallinity or non-crystallinity may have important 


*Nevada opal showed an ignition loss (at 2400 F) of 5.4 per cent and the opal of the California opaline 
chert an ignition loss of 7.3 per cent. 
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Fig. 3—Thermal ex- 
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effects on rock expansivities. The grain size is particularly important 
in the present method of test because of the small size of the test speci- 
men. The average height of the latter was only about 4 in. The total 
number of grains through which measurement was made is strictly a 
function of the grain size of the rock and was estimated as in Table 3. 


TABLE 3 
Grain Size Grain Size in Number of grains through 
Terminology Millimeters which measurement was made 
very fine less than 0.02 more than 300 
fine 0.02 to 0.2 30 to 300 
medium 0.2 to 2.0 3 to 30 
coarse 2.0 to 10.0 lto3 


very coarse over 10.0 less than 1 
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The thermal expansion coefficient of a specimen of very fine-grained, 
randomly-oriented rock is, therefore, an average of all possible crystal 
orientations of all minerals present in that rock and represents the actual 
expansivity of the rock. The coefficient of a coarse-grained rock, how- 
ever, may actually represent the expansivity of only one crystal orienta- 
tion of one mineral and accordingly, cannot be considered as a true 
representation of the expansivity of that entire rock. 


4—MATERIALS WITH IRREGULAR EXPANSION 


Some materials do not expand uniformly on heating and the resulting 
expansion curves show more or less definite breaks in their continuity 
caused by a change in the rate or in the direction of expansion. In most 
of these cases the materials expand on heating until temperatures between 
32 and 50 F have been reached. With further heating they either expand 
at a lesser rate (Nevada opal and sandstone B, Fig. 1) or contract (Fig. 3 
until temperatures between 60 and 86 F have been reached when expan- 
sion is resumed. As a general rule these irregularities are not evident on 
cooling. A Louisiana limestone, however, was found which exhibited 
reversals both on heating and on cooling (Limestone P, Fig. 2). The 
specimens exhibiting irregular expansion were retested with identical 
results. 

It is possible that these irregularities are caused by capillary wate: 
in the specimens. The specimens were dried for several days over CaC 1», 
but all water was not necessarily removed. The specimens were held 
overnight at temperatures well below freezing so that some of the capil- 
lary water present was probably frozen. As the ice melted two com- 
plicating factors affected the rate of expansion of the specimens; namely, 
(1) the volume change occurring as ice melts into the corresponding 
smaller volume of water, and (2) the change in heating rate of the speci- 


men as the heat of fusion of the water is absorbed. The latter factor 


may help to explain the occurrence of the breaks in continuity a few 
degrees above 32 F. Additional study is needed on the effects of capillary 
yater in the various materials. The irregular expansion of the limestone 
from Winn Parish, Louisiana, (P, Fig. 2) does not seem explainable as a 
water phenomenon, but no other explanation for this curve has yet been 
suggested. 
5—DISCUSSION 


As pointed out in the introduction, large differences in coefficient of 
thermal expansion between the cementitious material and the aggregate 
may lead to concrete failure where severe weather conditions are en- 
countered. The discussion in sections 3 and 4 indicates four types of 
materials, classified according to expansivity characteristics, which 


———— ee 
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might manifest themselves unfavorably in concrete. These are (a) 
materials having a uniform coefficient of thermal expansion markedly 
different from the normal value for concrete; (b) an aggregate composed 
of single crystal fragments with different expansivities in various crys- 
tallographic directions; (c) an aggregate (a gravel or a crushed coarse- 
grained rock) composed of two or more fractions present in considerable 
amounts which have widely different expansivities; and (d) a material 
with irregular expansion of the type illustrated in Fig. 3. At least two 
instances of disintegration of concrete have been ascribed recently to 
type (a), namely: a dolomitic marble aggregate with a therinal expansion 
coefficient of 2.0 x 10° per degree F studied by Pearson” and a fine- 
grained limestone aggregate with a coefficient of 2.2 x 10—* per degree F 
mentioned by Hornibrook®. These aggregates were used in concretes 
which disintegrated after exposure to one northern United States winter. 
An example of type (b) has been pointed out in central New York by 
Swayze® where a coarse aggregate consisting of single calcite crystals 
was used in a cast stone, This stone was in very bad condition after 
exposure to one winter. 

The linear thermal expansion of hardened portland cement varies 
considerably with such factors as the kind and composition of the cement, 
the water-cement ratio, and the age™. Within the normal range of 
atmospheric temperatures, the thermal coefficient varies between approx- 
imately 6 and 9 x 10° according to Davis’, Pearson” and others®, 
The coefficients of linear thermal expansion, as determined in the present 
investigation, for similar aggregate materials (not including the single 
crystals) ranged from an average of 7.4 x 10° for the opaline cherts to 
an average of 2.4 x 10° for the limestones (Table 2). Whale most of 
these aggregate materials have thermal expansivities close to or within 
the range of expansivities for hardened portland cement, a few have 
sufficiently different expansivities to warrant some question as to their 
satisfactory use under severe weather conditions. Where aggregates 
containing such materials in large amounts are to be used in severe 
exposures, an examination should be made of the service record in 
structures having similar exposures. Lacking service background, they 
should be subjected to laboratory tests of the type described by Pear- 


a 


son'’? 
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Job Problems and Practice 


**JPP" is a means toward realizing more fully than in a limited number 
of longer JOURNAL contributions, the mutuality of ACI Membership 
effort to do a better concrete job. In JPP many Members may participate 
in few pages. So, if you have a question, ask it. If an answer is of likely 
general interest, it will be briefed here (with authorship credit unless the 
contributor prefers not). But don't wait for a question. If you know of a 
concrete problem solved—in field, laboratory, factory, or office—or if 
you are moved to constructive comment or criticism, obey the impulse; 
jot it down for JPP. Remember these pages are for informal and sometimes 
tentative fragments—not the “copper-riveted” conclusiveness of formal 
treatises. ‘‘Answers'’ to questions do not carry ACI authority; they 
represent the efforts of Members to add their bits to the sum of ACI Mem- 
ber knowledge of concrete ‘know-how." 


Tile Floor Exudes Sodium Silicate (40-152) 


QA glazed faiance tile floor was laid over a floating concrete slab. 
The mortar used was mixed 1:4 portland (American) cement and quartz 
river sand. In some rooms the tile setter added 10 per cent hydrated 
lime to the mortar, and the mixture was machine mixed. After six 
months, a gummy substance started coming out of the joints and even 
though the pin holes on the tile. The floor had been laid with half 
inch open joints. The substance was removed and the floor washed with 
a sulfuric acid solution, The exudations appeared once more and in 
greater quantities. I had the secretion analyzed and it proved to be 
sodium silicate or water glass 


As it always comes back after it is removed, | would like to know 
with what solution should the floor be washed in order to neutralize 


the sodium silicate and avoid its reappearance on the surface of the tile. 


By P. H. BATES? 


A—This inquiry does not reveal some features of the construction 
that may have an important affect on the floor. If the floor is directly 
in soil containing a salt solution the soil moisture may be the source of 


the sodium salt. The reaction of sodium salts with some types of siliceous 
*Inquiry from Panama. 
{National Bureau of Standards, Washington, D.C, 
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aggregate materials have been known to cause the formation of sodium 
silicate in concrete. 

There is no known way to arrest the formation of sodium silicate in 
concrete other than by changing the environment of the concrete. There- 
fore, it may not be possible to repair the existing floor. Possibly it 
would be worthwhile to experiment with one or more treatments. Some 
improvement might result from treatment involving first the thorough 
drying of the floor surface, and then a mopping with a hot solution of 
magnesium fluosilicate. 


By R. F. BLANKS* 


It appears that this correspondent has encountered some of the re- 
action between high-alkali cement and aggregate which has been con- 
cerning so many of us lately. We invariably find exudations of sodium 
silicate on concrete suffering from this action or find a gel of this com- 
position in its pores. The gel is sometimes transparent, closely resembling 
water glass or often white or gray with a porcelaneous luster. 

It would be interesting to learn something about the alkali content of 
the cement used in the mortar for setting the tile or in the concrete 
floor under the tile. If the composition of the cement is unknown, as is 
probable, its origin might give a clue to the alkali content. 

Aggregates which have been found to react with high-alkali cement 
include opaline silica, highly siliceous rocks (such as siliceous limestones, 
chalcedony, some cherts), and acid to intermediate volcanic rocks. It 
may be that the particular tile, or the glaze upon it, is reactive with 
high-alkali cement. I have heard that expansion does occur with some 
ceramic materials when used as an aggregate. The same is true of some 
artificial glasses. 

The sodium silicate may be coming from the concrete floor beneath 
the tile. Another question would be the moisture condition on, or under 
the floor, since alkali reaction with aggregate is promoted when the 
concrete is kept moist. 

I would refer the inquirer to the literature on the cement-aggregate 
reaction problem. 


From another interested source ACI has this: 


We have had no similar experience and as we have never found any 
means of neutralizing an adverse reaction between aggregate and cement 
in a completed concrete structure, I doubt very much if any treatment 
could be given to the construction described which would neutralize 
the sodium silicate and avoid its reappearance on the surface of the tile. 


*Bureau of Reclamation, Denver. 
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It is reasonable to assume, however, that reaction now going on may in 
time be exhausted and no further washing be necessary. It would be 
very interesting to secure if possible samples of the cement, aggregate 
and of the glazed faiance tile for laboratory study as we are interested 
in any studies dealing with this phenomenom. 


Warping of Concrete Slabs (40-153) 


Q—We recently poured a rectangular concrete slab 8 ft. x 10 ft. x 3 in. 
thick on an impervious base and have carefully observed its distortion 
during curing in our laboratory. The concrete was mixed as dry as 
possible in a mechanical mixer. The mix was 1:2:3 by volume and high 
early strength cement was used. No neat cement or rich mix was placed 
on top. It was trowelled with steel trowel to a smooth finish. The 
surface was kept wet for two days. 

During curing, the four edges of the slab raised up gradually from the 
base, the average raise at the four corners being 0.18 in. after one month 
at which time it ceased to raise. The center point had compressed the 
base 0.005 in, in this time. 

We would appreciate any literature or advice you might have to offer 
on this subject, reasons for this action and how to minimize it. 


By L. W. TELLER* 


A—The raising of the corners of the slab which you observed is caused 
by a contraction of the upper surface with respect to the lower surface. 

Although there are other causes, this ‘‘warping,”’ as it is usually termed, 
is most likely to be the result of a difference in either the moisture content 
or the temperature of the concrete near the two surfaces of the slab. 
Portland cement concrete has the property of changing volume with a 
change in temperature and with a change in moisture state, the volume 
increasing with a rise in temperature or with an increase in moisture 
content. Thus an upward warping of slab corners indicates that the 
upper surface is either colder or is drier than the lower surface (or is 
both). 

In tests at Purdue University, Hatt? was able to cause the corner of 
an 18 by 25 foot concrete slab 7 in. thick to raise about 0.2 in. by satu- 
rating the lower surface while maintaining a drying atmosphere above. 
Since moisture moves slowly through concrete, warping from a moisture 
differential tends to develop rather slowly. 

Temperature warping, on the other hand, develops rapidly. For 
example, a pavement slab cast on the ground out of doors warps rapidly 





*Principal Engineer of Tests, Public Roads Administration, Washington, D. C. 
t''The Effect of Moisture on Concrete” by W. K. Hatt. Public Roads, V.6, No. 1, Mar. 1925, 
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when exposed to direct sunlight, being responsive to even small changes 
such as that caused by a small cloud passing over the sun. The vertical 
movements of the corners of such slabs naturally vary with the slab 
dimensions, temperature and other conditions but during a 24-hour 
cycle of temperature change will frequently be found to be within the 
range 0.1 to 0.3 in. during certain periods of the year when conditions 
are favorable to the development of large temperature differentials. 
Temperature differentials of as much as 30 F. have been observed in 
pavement slabs of usual thicknesses. * 


The preceding discussion has assumed that the concrete was homo- 
geneous, that is, the mixture was uniform from top to bottom in the 
slab. The tendency of a slab of given dimensions to warp may be greatly 
increased if the mixture near one surface is different from that near the 
other because the volume change characteristics of portland cement 
mixtures vary considerably with the cement content and a number of 
other factors. Most of us have noticed sidewalk panels that are perma- 
nently ‘‘dished’’ because the rich mortar top contracted more than the 
lean base below during the hardening period. Similarly in a slab of 
initially uniform concrete, excessive manipulation during finishing may 
bring to the top an abnormal amount of water, cement and fine aggregate 
particles, creating a surface layer with greater shrinkage tendencies 
during drying than the material in the lower part of the slab. 


This tendency of concrete to warp with temperature or with moisture 
change is frequently a matter of considerable importance in structural 
design. If the slab were completely free and without weight it would 
assume the distorted shape without resistance and no stresses would 
develop. Actually almost no portion of the slab is free to adjust itself 
and, while measurable distortion does occur, restraint caused by the 
weight of the slab and by the supporting reactions is always present 
and these forces lead to stresses that may be of sufficient magnitude 
actually to break the concrete. At the Arlington Experiment Farm, 
Virginia, in a study of slab warping the Public Roads Administration 
once cast an 18 by 30 foot slab 8 in. thick on the ground out of doors. 
Eventually this slab cracked along both the longitudinal and transverse 
center lines without ever having been stressed by applied loads. Wester- 
gaard has publishedt an important theoretical treatment of temperature 
stress conditions in exposed concrete slabs. 


There are also certain conditions external to the slab that have been 
found to cause distortion in some concrete pavements. This is a some- 


*The Structural Design of Concrete Pavements, Part 2.—Observed Effects of Variations in Tempera 
ture and Moisture on the Size, Shape and Stress Resistance of Concrete Pavement Slabs"’ reported by 
L. W. Teller and Earl C. Sutherland, Public Roads, V. 16, No. 9, Nov. 1935. 

t’‘Analysis of Stresses in Concrete Pavements Due to Variations in Temperature’ by H. M. Westergaard 
Public Roads, V. 8, No. 3, May 1927. 
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what different problem, however, and is considered outside the province 
of the present discussion. * 

A knowledge of the causes of slab warping will often suggest means 
for minimizing the tendency in a particular case. Provision for essentially 
the same temperature on the two sides of the slab obviously will tend 
to eliminate temperature warping. Provision for gradual moisture loss 
from the bottom of the slab as well as the top during the hardening and 
curing period will tend to develop more nearly uniform shrinkage on the 
two sides and thus limit the magnitude of the moisture differential that 
causes warping. If the slab surface is to be floated or troweled in finish- 
ing, the tendency for the slab to warp can be minimized by (a) the use of 
concrete containing the least amount of water compatible with proper 
placement in the forms, (b) finishing with the least amount of manipula- 
tion that will produce a satisfactory finish and (c) delaying the final 
finishing operations until after the disappearance of any excess mixing 
water that may have come to the surface, that is, after the surface sheen 
has disappeared. 

Finally, use may be made of external restraints or of steel reinforce- 
ment properly distributed in the concrete itself. If external restraining 
forces are employed there is always the possibility that the stresses 
caused by the restraint may exceed the strength of the concrete, resulting 
in more cracking than would have occurred had the external restraint 
not been applied. Numerous experiments have shown that a relatively 
small amount of steel reinforcement suitably distributed,t reduces very 
materially the magnitude of the volume change that tends to develop 
in the concrete for a given change in its moisture state. This principle 
often can be employed to advantage in the restraint of volume changes 
that cause slab warping Since the presence of small amounts of dis- 
tributed steel tends to spread rather than concentrate the restraining 
forces, its use to restrain warping from moisture change tends to prevent 
the concentration of stress. Thus a means is afforded for reducing the 
magnitude of slab warping from this cause without increasing the tend- 
ency for structural cracks to form. 


Flexible Joints for Concrete Pipes and Troughs (40-149){ 
By M, W. LOVING** 


In “Flexible Joints for Concrete Pipes and Troughs’ (40-149) ACI 
JOURNAL, Feb. 1, 1944, the author says the rigid joint, made with port- 


*Report of Committee on Warping of Concrete Pavements. Proceedings of the Highway Research 
Board—20th Annual Meeting (1940), p. 639. 

tFor a given percentage of steel small bars or wires, closely spaced, are somewhat more effective than 
large bars at a wider spacing 

tF. L. Fitzpatrick, Melbourne, Australia, ACI Jounnan, Feb. 1944, p. 321. 
**Secretary American Concrete Pipe Association, Chicago 











474 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1944 


land cement mortar, in concrete pipe sewers, drains, etc., is unsatis- 
factory. This cannot be true because the temperature of sewage, drain- 
age waters, etc., is usually constant and there is very little chance for 
volume change in the concrete and thus no need for a flexible joint under 
these conditions, particularly since all structures are built below the 
frost line where the external temperatures also are more or less constant. 
In the many sewers, drains, etc., that I have inspected personally in 
many parts of the United States and Canada I have, with few exceptions, 
noted any trouble due to expansion and contraction in such pipe lines. 
Conversely, in the case of water lines where the water conveyed varies 
widely in temperature between the summer and winter months, a slight 
movement in the joints is highly desirable to take care of volume change 
in the concrete. 

Moreover, since all gravity pipe lines, such as sewers, drains, etc., 
should be built on a firm but slightly yielding subgrade, there is no valid 
reason why such sewers should be expected to settle or to be subject to 
movement when properly installed. The subject is discussed in con- 
siderable detail in Chapter II of the American Concrete Pipe Association’s 
book, ‘Concrete Pipe Lines.”’ 
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